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This issue ot Oicmsny in ihr I\u>- > uir College is Uic first Uvu w!,ich report on tlie 1 .^fh s'ear c.f ,,ciivi.v 
of t!.c liivis.on of Clic.nica! lidiaatUm. inc. of lb, AnuMicun C'lKMnical Sndciv in the twv,=Near colkTO field fhis 
activity IS prcsonrly being directed ! y Uu- ('(Mnr.uitce o:: Cheniistrv iii tlu- Two Ye:ir (•olle..c 

!;iic Divistoii of Chenucn! I;.du •aliun i. invelved in iniproviiig chemistry teaehinp. wiiirk'speel to hoth content 
the communication of this inroruu.tion to itudents. To this end, it serves a. a conmon meefin".. .Motmd'for 
teachers ot cheni.stry and their Mud.nts. as svell others who are also ;nteres!ed in the h.n'.r a;pects of clK-mie-,1 
educatmii. In addition, the Drision incUiAs uithin its purview Ihn.e wl.-, arc preparin;i fJr ean-rs n, tklds re= 
la(cc, to vhcmistry. as w<:l| as those vho stiuh .;]iemi;:lry for its iiroad educatinnal and J'dtural v-^u.-s 

These mterostn.re serv,d. iiotafly, by the uffiual publication of tlic l.'vision. ih, Jounul n^' ^ Iwmuai IVucan 



biit other activities also ser^v: Siiniir,cr conferc!i 

consultants service, the snudl mniis nnigrani. tiie tw(vxvar collepc proKrani. puflicipatiun in regional Ws i,u 
special rciiional conleivnwwH, cuui-orafion wiii, si, ndar groups overs 'as and in other coiuUm.;s of North Anieriea 



IS. siiiinner inslitiites, tlic Visiting sciciilists |-.rourani. t!)e 

t IK, , II . . . " 

I itii 



cocperation with the Div,,ion of Science reaehin. uf ' fNhSt'O. sponsorship of con.prchen.ive conferences „„■ 
sj nipcSK. uealmg w,th broad aspects of chemical education, continuous ou-goum re-exa,ninat,on ol cLirricu! ar pro.' 
and problems, continuous attention to the tcac!wr and his work, and nolabiy, th ■ Divisional meciin-s which ar- 
p;,r[ ol the scnii-aniuaal naiional ACS meetings. 

In no less a manner, the Division is a liaisun agcrt between high scliool and coileue teachers intei^ratin^r and 
extending Ucir mdiy.duai and co!!ecli.e effort,,. With ,-ciual emphasis, the Division is concerned aboul the nnpr... 
ot die profcssion,u! dignity and rcsponsibiKties of teachinE, in general. 

The individuals ■vho carry out these acdvities are recocni/cd bv 'the Division through the sponsorship or 
co-sponsorship ot awards for outstanding cnnlrihutions. Protessional status is also encouraced by emphasis on rcsca 
and other scoolarly activities, am! by the purposive development of a public attiiude which leads'to a better unde.- 
.stanaing a.nu appreciation of the contribution.,; ol the teacher to our .society. 

NIembers are i.iyitcd to participate in the standing committees of the Division. It is by this voluntary work that 
chemical education has been able to show a steach' growth in the past, and m such future participation thai i! will 
^ntinue to grow. Generally the connninees of the Division each meet separately twice a vear durin« and preceduio 
«ie national meeting, of the American Chemical Society. Visitors are always welconie at these working sessions " 
Almost any new idea or valid criticism of chemicai education can be carefully considered at one or thn'other of ' 
these committee meetings. They are indeed a forum for chemical education. 

Twoyearconego chemists arc encouraged to join the Division of Chemical Education and participate in its 
programs and work on its committees. ^ 

u^? the Committee sponsored four Two-Year College Chemistry Conferences, the 29th through the 
32nd, pubhshed tour Newsletters and two issues of Chemistry in the Two-Year College, and studied the problems 
and programs of the chemistry departments of the two-yeai colleges through several subtommittees 
A -i"^ Conference schedule included the 29th Conference at Franklin Institute of Boston in Massachusetts 
Apnl, the 30th Conference at Oregon State University in Corvallis, Oregon, June; the 31st Conference at New York 
Ci yComnmmty College in Brooklyn, New York, August; and the 32nd Conference at Laney College in Oakland 
Lalitorma, October. These Conferences ail were favored with outstanding programs. 

The Boston program featured three symposia; the Future Trends in Chemistry For the Non-Scienee M-Mor 
Innovations m Teaehmg Chemistry, and Fnvironmental Education. The CorvaJIls Symposia were devoted to ' 
Environmental Chemistry and innovations involving Chemistry teaching and the Environment At Brooklyn i 
symposium on the Chemistry Needs of the Biological and Health Science Majors was followed by one on Innovati 
m Teaching Chemistry Related to the Health and Biological Sciene.s. The Oakland Conference also included a 
Chemistry Needs of the Biological and Health Science Majore Symposia but followed it with a symposomi on Cmi- 
puters and Chemistry. 

Each 1972 Conference included keynote presentations and discussion sessions related to the first y-argener n' 
chemistry course for science and engineering majors; to the second^year chemistry courses; and to chemical and " 
other laboratory technology programs. Similar programming was included for the nor>,sciencc majors cour.sc 
at three conferences and for the allied health chemistry courses at two conferences. 

Each conference concluded on Saturday afternoon with different aiTangements: Timely Topic Discussions 
m Bcwton and Corvallis; Special Topic Section Meetings in New York and General Session on Science and Society at 
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Acluiticnal teatiuvs or each c^f the f^onfcrenccji included open subconimitlec meetings, a Committee 
on Chemistry in the Two^Year Culli^ge meeting, exhibits b> the industrial-coinnicreinl sponsors and the inrormal 
conversations and exeliaiiue oi ideas. 

Clwim:stry in the Twa-Year Colleges te nures papers and diseus^iun suaimaries from the Two=Year College 
Chemistry Conterenccs ant' oiher conter^^new^ of" inters:;! to the two-year college chemistry faculty member. We 
also include other papers, submittLd and invited, which we believe will serve the interests of improving cheniical 
education in the cnmnuinity colleges Junicr colleps. technical institutes, and university branch campuses which 
we sen J. 

The papers in this issue deal with the :nntent and curricuhnn for the first year ehemistry course for science 
nmiors, the second yeur clu niistry course tV)r science nKijors, other introductory chemistry courses, and for chemical 
technology programs, Seciionb,are also devoied tc. Instructional Meihods in Chemistry and the Administration of 
Chemistry Prognnns, Tv/c special topics secti(jns have been included and hre concerned with tlie Cliemistry oi 
Water and Knvironmental TDpics in Chemistry ('ounces. The vohunc is eontluded with a short course lor 
teachers by rroressor J. Ailhur C^am|ibeil of nurvey Mudd Ccllegc. 

During 1972 we ronrinued cooperation with the Manulacturing Cht mists Association through the Recognition 
.^nd AwiirJh Subcnnimittce, chuired by Cecil Hamiaonds, Penn Valley L'onvnunity College, which reviews all 
nominations ibr the Aiuuiai >ICA Two-Year Coileuu Chemistry Teaching Award and reconiniends several tinalists 
to the MCA, On behalf of the ^v/o-year coUeae cliemistry coninmnity, 1 should like to publicly acknowledge our 
gratitude to Dr. Robert Varnerin, Manager of Hduaaion. and to tne Committee on Hducational Activities of the 
MC^A for the mpport and recognition ot^o.n programs and work rhroiigh their College Chemistry Teaching Award 
Program, 

Fred Schmitz of New York City C^omniunity College Is th j MCA Two=Year College Chemistry Teaching Award 
recipient lor 1972. Fred lius had a distinguished career in Bronklyiii and is one of the leaders in chemical technology 
uducution in the country. 

Two men who have long been leaders in the two-year college ehemistry field left our ranks in 1972. One, Dr. 
Milton Cooper of Wright College, Chicago City C ollege and an active member of the Cominittee since its inception, 
passed away suddenly in ApriL We were all saddened by Milt Cooper's passing and will miss him and his contribu- 
tions in the future. Milt was one of the 35 in attendance at the 1st Conterence in Chciago in 1961 and since then 
has been a steady participant and contributor to the contercnees and the committee, 

Mr. Kenneth Chapman, editor for the Committee, left the American Chemical Society staff to go into the 
publishing and printing business as an executive. Ken's contribfiitions to our efforts started in 1964 when he hosted 
the 4th Conference at the Technical Institute of Temple Uffiiversity and increased during his tenure in the ACS 
Education Office wliere he was in chiirge of the Two-Ycar College progrum and continued at a highjevcl, both 
quantitatively and qualitatively, during his service as Associate Director of the ACS-NSF Chemical Technology 
Curriculum Project at the Lawrence Hall of Science in Berkeiey, Wc M extend our thanks to Ken for many jobs 
well done on our behalf and wish him well in his new position with CBlS, 

The work of the subcomniiitees during 1972 will be mentioned in the 1972 volume 2 issue. 

All tv/o-year college chemists are invited to attead and participate in our conferences. 

WilHam T. Mooney, Jn 
Chairnian 



EKLC 



4 



Academic Authors, 873 Ninth St, 
Manhattan Beach, Ca 90266 

Allyn & Bacon, 470 Atlantic Ave. 
Boston, Ma 02210 

A, Benjamin, Inc., 2725 Sand Hill Rd 
Menlo Park, Ca 94025 

Burgess Publishing Company 

426 So Sixth St., Minneapolis, Mn 55415 

Canfield Press, 850 Montgomery St. 
San Franciseo, Ca 94133 

Carle Instruments, Inc, 1 141 Hast Ash Ave 
Fullerton, Ca 9263 1 

Chemigal Technician Curriculum Proiect 

Lawrence Hall of Science, Berkeley, Ca 94720 

Computer Based Instructional Systems 
4303 Woodway Drive, Austin, Tx 7873 1 

Computer Design Corporation, Suite 1830 

One Embarcadero Center, San Francisco, Ca 941 11 

Thomas Y.Crowell Co., 666 Fifth Ave 
New York, NY 10019 

Curtin Scientlfie Co., P.O. Box 1546 
Houston, Tx 77001 

Dickenson Publishing Company 

16561 Ventura Blvd., Encino, Ca 91316 

Eastman Kodak Company, 343 State St 
Rochester, NY 14650 

GOW-MAC Instrument Company 
100 Kings Road, Madison, NJ 07940 

Hamilton Publishing Company, Suite 123 
EI Paseo, Santa Barbara, Ca 93101 

Harcourt Brace Jovanovich 

Polk & Geary Streets, San Francisco, Ca 94 1 09 

D. C Heath and Company, 125 Spring Street 
Lwxington, Ma 021 73 

John Huley Associates, 343 Sycamore Ave 
Merion, Pa 19066 

Instruction for Research & Industry 

108 Franklin Ave,, Cheltenham, Pa 19012 

Kontes Glass Company 
Vineland, NJ 08360 



Industrial'Commercial Supporting Memberi (1972) 



Chas, E. Merrill Publishing Company 

1300 Alum Creek Dn, Columbus, Oh 43216 

Mettler Instrument Company 

Princeton^Hightstown'Road, Hightstown, NJ 08520 

Nagle Company, 75 Panorama Creek Drive 
Rochester, NY 14625 

Prnntice Hall, Sylvan Avenue 
Englewuod Cliffs, NJ 

Rinel^art Press, 5643 FaradiHe Drive 
Co^te Madera, Ca 94925 

Sargent^Welch Scientific Company 

161 7 E Ball Road, Aiialieim, Ca 92303 

VV. B. Saunders Company, W Washington Square 
Philadephia, Pa 19105 

Scott Foresman & Company. 1 900 E Lake Avenue 
Glenview, 111 60025 

Smith and Underwood, 1023 Troy Court 
Troy, Mi 48084 

Spectrex Corporation, 3594 Haven Ave 
Redwood City, Ca 94063 

Technicon Instrurnents 

Benedict Avenue, Tarrytown, NY 10591 

The Torsion Balance Company 

35 Monhegan Street, Clifton, NJ 07013 

Varian Instrument Division 

61 1 Hansen Way, Palo Alto, Ca 94303 

Wadsworth Publishing, 10 Davis Drive 
Belmont, Ca 94002 

John Wiley & Sons, 605 Third Avenue 
New York NY 10016 



rd Grant Press, 53 State Street 
oston. Ma 02109 



Xerox College Publishing 

191 Spring Street, Lexington, Ma 02 173 

Wilmad Glass Company 

US Route 40 & Oak Road, Buena, NJ 08310 



EKLC 



TABLE OF CONTENTS 



Foreword 
Sponsors 

First Year Ctmrse Cuntent and Curriculum 

Future Trends in General Chemistry 

The Use of Experiniental Date and Performance 
Objeclives in Ccneral Chemistry 

Chemistry A Poini of View 

Second Year Chemistry C<iurse Coiitenc and Curricuium 

Future Trends in Organic Chemistry - 
Mult! Media and Relevant Problems 

BiocUemistry in the Organic Course 

A Model For the One-Year Organic Chemistry 
Course in a Two- Year College 

Trends In the Short Organic Course 

Quant, The Real Thing 

r Introductory Courses' Content and Curriculum 

^M!ture Trends in Chemistry for the Non- 
Science Major 

'^emistry for Changing Times 

e Challenge of Chemistry 

^ honiistry for Legislators 

avation for the Non-Science Major 

'hemical Technoiogy Courses - Content and Curriculum 

Industrial Reaction to Chemical 
Technology Programs 

A Comparison of the Traditional Chemical 
Technology Program and the ChemleC 
Program 

Comparison of Training Chemicai Technicians 
in Industry and College 



David Brooks 

George M. Fleck 
• Leonard Fi:ie 



David N, Harpp 
Eugene H, Cordes 

Bobby Walters 
^Harold Hart 
Joseph Nordmann 



John T, Netterviile 
John W. Hiil 

Philip Horrigan 
-Jack E, Fernandez 

Winiam A. Nevill 



- William M, Haynes 

Harry G. Hajian 
Donald A* Key worth 



5 
7 

9 

11 
14 



17 

21 

23 
26 

30 



33 



34 



37 



ERLC 



6 



Inistructlonal Methods in Cheniistry 

Making Chemistry Menningful to the 
Non-Chemist 

An Audio-Tutorial Approach in General 
Chemistry Using the Popham Paradigm 

Teaching Science to the Disadvantaged 

Student in an Urban Community College 

The Use of the Mini-Compiiter in the Freshman 
Chemistry Laboratory 



Advantages of Using Modular and Low Cost 
Instrumentation 

Introducing Chemistry with a Gas 
Cliromatograph 

Super 8mm Chemistry Films 

Resource Materials for Teaching Chemistry 
to Nursing Students 

How Extensive Are Audio-Tutorial Systems Used 
in Chemistry in the Two-Year Colleges? 

Special Topics - The Chemistry of Water: Its Pollution, 
Treatment and Use. 

The Chemistry of Water Pollution 

Chemical Analysis of Polluted Water 

Pollution of Sea Water 

The Treatment of Waste Water 

Special Topics: Environmental Topics in Chemistry Courses 

Small Watershed Studies; A Useful Method for 
Developing Environmental Studies in the 
College Curriculum 

Administration of Chemistry Programs 

The Role of Science Division Heads in Reponally 
Accredited Junior Colleges in the United 
States 

A Short Coum for Teachers 

An Introduction to Thermodynamics 

ERIC 7 



-Ralph Burns 40 

Vincent Sollimo 41 

Louis J. Kotnik 43 
Carl L. Miniilcr 

and Philip E, Sticlia 47 

Galen W, Ewing 49 

Harry H*yian 51 

--Norman V. Duffy 57 

-Rena Orner 59 

- Flore tte F. Haggard 60 

-E. A. Eads 61 

-Leo Newlands 64 

-Dean Martin 66 

-Walter Dedeke gg 

-Frank W. Fletcher 70 

'Harmon B. Pierce ^\ 

J. A. Campbell 73 



FUTURE TRENDS IN GENERAL CHEMISTRY 
David W. Brooks 
First Year Chemistry Program Director 
Texas A & M University, College Station, Texas 

Keynote Address presented at 2YC3 Conference 
Saturday, December 4, 1971, San Antonio, Texas 

Predictions concerning the future of general chemistry are difficult, and my crystal ball is not superior 
to yours. I would like to divide into two groups my remarks. I shall first discuss trends m the area of 
environmental chemistry, and then teaching methods. 

It is clear that environmental chemish- will play a mall but meaningful role in general chemistry 
courses However, the long-term future of lower chemistry rourses devoted either entirely or in part to 
environmental chemistry is not good. The turmoil in academic chcu.istry concemmg environmental sub- 
jects derives as much from adverse psychology as sincere interest. For many years research cherTiists spent 
large sums of federal money while offering only modest justification for these sums. Chemists did not do 
a good job of pubhc education. Therefore, when the spending crunch came, chemists pleas for sustained 
support fell upon less than sympathetic ears. As a very young boy growing up in Brooklyn New York. 1 
can remember inhaling the most awful smelling air that I've ever inhaled. I remember beaches in which 
one couldn't swim because of incredible amounts of floating debris. Many year^ later I discovered discarded 
beer cans in Alaska, far from the beaten paths, cleariy dated to indicate that they had been tossed away at 
the time that I was very young. Pollution is new neither to me nor to you. However, at the time when 
chemists were depressed about their funds, the environmental issue became a dominant one. Someone 
cleveriy pointed out that pollutants were made up of atoms, which in turn were the chemists business 
which in turn made pollution the chemists' fault. This is pure bunk. That such logic can be perpetuated 
into lasting viable courses seems as unlikely to me as it does unwholesome. , . , 

Environmental chemistry will become a small topic in our courses, much as nuclear chemistry, organic ^ 
chemistry and biochemistry have. (Also, marine chemistry and geochemistry are likely to become important, 
as ail of us begin to re-explore our world.) We will have considerable support from publishers, providing 
us with general texts and particularly with paperbacks. For example, I recommend to you Energy and 
Environment, by T. L. Brown (Merrill). This book talks about environmental problems in terms of mole- 
cules! As usual, the burden of coping with the information explosion in this area will fall upon you, the 
teacher. Your choice of examples and experiments for lab will determine how effectively your students 
relate environmental chemistry to the larger body of chemical concepts. 

As teachers, our problems still reside in choosing the most effective teaching methods. The poor 
interactions of chemists with their society is a direct or indirect result of poor teaching. Although some 
universities have made excellent attempts at improving techniques (for example, I strong y praise the 
University of Texas at Austin group for their fine contributions in CAI), most senior institutions hje 
maintained tradirional lecture systems, traditional labs, and traditional gradmg. In the future, all of these 

tfaditions may be eroded. j ^ 

We will all judge student performance in relationship to educational objectives and not course curves. 
(One problem with attendees at 2YC3 meetings is that even though one speaker always talks about ob- 
ectives. too few go home to practice writing them. Try them! They're not so trivial to write as they 
seem. May I recommend Taxonomy of Educational Objectives. /. Cognitive Domain, Bloom et al. eds., 
David McKay. Inc., New York, as a basic reference.) . . 

We shaU eliminate F grades (for the most part), and use the grade of "In Progress" to carry studerits 
who start slowly. Please note that we should not eliminate grades, since as alumni our students are graded. 
In chemistry, those of our alumni who received low grades by their erstwhile employers are now seeking 

^°'^TutoriaI self-paced teaching methods of all kinds are prominent on the wave of the future. Some 
self-paced programs will enjoy lots of hardware suppori--computers, fancy visuals, audio tapes-whUe 
others will be based almost exclusively on written materials. The success of such projects has been over- 
whelming* ^ 
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The Use of Experimental Data and Perforniance Oyectives 
in General Chemistry 

George M. Fleck 

Deparfnent of Chemistry, S.ith CoUege. Northampton, Ma.achu.ett. 

of mailed''" '''^"^ laboratories be interpreted to yield insight into the chemical nature 

This p , per presents some speciric ways to get students actively and deeply involved with the inter- 
elationships between experiment and theory in chemistry. Central to this 4cussion i. the con^ ^ o 
U^mieal and mathematK^al nuM. The presentation, both in this paper and in actual chemi^ry lot' es 
i^^^n Tj'T f f '"'f instructional objeCres^ The overall teaching stra^gy 

were devtloptd m a freshman course for students with strong background in chemistry, and in two other 
courses that have a semester of general chemistry as prerequisite. y, □ two otntr 

mentf^T^^ aem/ca/ Mo^/efc Chemistry is a science that leans heavily on the results of experi- 

ments. The t,onceptual models of chemistry cannot be fleshed out with unaided fundamental theory But 
datf ^ f ""f " ""^'"'''8"°"^ consequences of uninterpreted experimental chemical 

bv cnn^n .1 Y sem.-empirical models, models that have been formulated and elaborated 

M H V"f '^'f ^^^'^^"^ "^^"^y- ^"d the results of laboratory experiment 

m V U H ; ' '° '''' ^^'^^'^ ^""P'^- beautiful. Models 

H \ 'T,' "^^f"'' °' ^PP^ar to be useful, or they will be dis- 

carded. Chemical models are constructed by imaginative people who need ways to interpret data. Without 
mode s. most Chemical data would have no obvious meaning. The actual process-choosing a chemical 
mo^eK designing appropriate experiments to yield data that can be interpreted in terms of the model, and 
confronting model and data-.s a process in which both exactness and artistry play substantial roles 

Associa ed with some chemical models are explicit mathematical models. The predictions of such 
wii^th^^t "^"^^.f " °«en be made quite precise. Simulations of an experiment can then be compared 
with the experiment itself, m quantitative terms. TTie theory become, vulnerable to the carefully executed 

hPr ;h n f , *° ' ^''•^ « "'"'■t«d. amount of chemical experience 

be ause the mathemat.caJ model exposes the essence of the model in numerical terms. If appropriate ex= 
periments can be designed, then model and experiment can be compared in comparable numerical temis 
iiiis IS a confrontation. 

It is the tjiesis of this paper that the interaction of experiment and theory can and should be an 
integral part of chemistry courses, that laboratory and lecture .should actually and obviously be integrated 
in the minds of the course teachers and the course takers, and that evaluation of student performance can 
tl^ory °" '° integrators of chemical data and chemical 

Demonstming Attainment of Instructional Objectives by the Confrontation of Theorv and Experi^ 
mental Data, Certain chemical topics are especially well suited for involvijig students in the interaction of 
f n. iT, f ^r""'""*' ^ubject^matter coverage to a single welWefined area for a sub- 

stantial block of time, students can attain a sufficient level of understanding to enable them to appreciate 
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the power, scope, limitations, and signincance of the relevant theory. They can work wi h. «t with, 
nd nianipulate tke important concepts. They can have first-hand experience w^h the interaction be we n 
theory and experiment in an important area of chemistt7. Three such topics where in-depth mstruc on^ 
ppropr^te f o? a college course in general chemistry are acid-base eciuilibria compMomamn e^u h^^^^^^^ 
^r^tm mechaniL Each topic involves integration of laboratory and classroom, '"akmg modest use 
of a computer. In each case, each student demonstrates achievement of the mstruct.ona objecUves by 
confronting experiment and theory. The confrontation is arranged to produce a clear-cut challenge to the 
validiiy of the theory and to the reliability of the data. 

A student is expected to attain a level of competence that involves integration of the various aspects 
of the topic, a level that permits the student to design a meaningful confrontation between h.s own experi- 
mental data and the predictions of a chemical model that he has formulated, A student demons rates that 
he has attained the required levd of understanding by carrying out such a confrontat.on and witmg a 
Srmal report that incLes a discussion of the results of the confrontation. Th.s ach.evemen^ ^ve repre- 
sents a br^ad, stable learning plateau. Virtually all students achieve this plateau, some at considerab y 
"ore Effort and with more frustration However, it is a rewarding experi^e ^^^^ 

degree of mastery over subject matter, whether mastery comes easily or with ditticulty It stems Ukely 
^^"^ud^^^X has acmeved this level will retain much of the insight gained. Our approach involves a 
sacnflc^^ breadth of covemge ,n order to achieve substantial depth of treatment. It ^^^^f^^^ 
departure from the chemistry instruction familiar to the students from their secondary school courses. 

General Objectives Specific Objectives, and a Pathway for Achieving these Coals, General objectives 
are sS for the student^ who are to demonstrate the attainment of these objectives by confronting 

own experimental data and the predictions of their own chemical model. General instructions are 
given for the laboratory experiments, although there is considerable freedom m experimental design. 

m Snar^ objeSives^e attainable in a stepwise fashion via the attainment of each one o a group of 
specific objectives The specific objectives are listed in a logical order, but a student may choose to master 
S nf^^ vSSver order s^ms to be appropriate to him at the moment. Helps for achieving the specie 
^"t veT^lude textbook discussions, references to the chemical literature, cl^s d>~i^^nd m^dual 
conferences Most students are able to use the set of objectives to pinpoint their questions and thus get 
the in^r^ation they want and need. Copies of these objectives for acid-base equilibria, complex^omiat.on 
equUibria, and reaction mechanisms can be obtained by writing to the author^ . ^ . „lculation eauio- 

Confrontation of a mathematical model with numerical data requires some form of ^^"-^^^^^^^ 
ment At Smith College, we have made extensive use of an IBM 1130 computer. We have also begun an 
Nation Ift mng and the Olivetti programmable calculators for f^^^^^^^^^^^^' 
manual computations, most of our students at the freshman level are stimulated by the calculation and 

confrontation procedure. n *i, , fi^a onthm-'s f»vnpri. 

This method does not remove the teacher from the teaching process. Rather, in the authors expen 
ence the teacher spends more time talking with students about chemistry, but less time in trying o onent 
Sn "wh^a^ living trouble articulating their questions. TOs method provides a direetion and ^cus 
for a great deal of laboratory and classroom instruction. It is ideally suited to open^nded laboratory 
teaching. 

CHEMISTRY - A POINT OF VIEW 

Leonard Fine 
Housatonic Community College 
Ave., Bridgeport, Ct 

Presented at the 29th Two-Year College Chemistry Conference 
The Franklin Institute of Boston, Boston, Mass> 
Concurrent Section, Saturday afternoon, April 8, 1972 

Today we experience almost for the fl^t time a sense of urgency in doing more than juit teach 
chemistry. The reasons are all too evident, Somewhere along the way, the bubble burst. Rampant 
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science and technology have caused a sudden shedding of a 300 year cocoon and the shock of the ex- 
perience has been upsetting. We are no longer innocents loose in paradise. But we still cling to com- 
fortable old ways; we still communicate too much of the old chemical message to new generations in 
the classroom. As chemists, we can ill afford to ignore the signs of these changing times lest we be 
suicidal. To teach atoms, molecules, and energy is net enough. Students must be allowed to develop 
a broader point of view* 

Methoa in Science 

T^e eiglneenth and nineteenth century gradually nurtured a view of Bacon as the prophet of a 
strict e.npiricrim. Scientists were hardly more than accountants of facts in a manner of speaking. But 
a reading of Bacon's Novum Orgamim shows this not to be the case at all. As Harvey Brooks has 
noted in his comments on this very subject In a recent issue of Science, Bacon , , . . 

'Hinderstood thc^ importance of hypothesis, theory, and understanding, but above all he 
described accurately the cunv Uitive and cooperative nature of the scientific enterprise 
and the fact that it was a social system far imderstandiNS nature w/iich transcended the 
capahiliiy of individual men, or even one generation^' 

In developing a point of view toward method in science, a second critical aspect is difA^rcntiation 
between scientific method as a code or guideh'ne tor the production of science - it's most salient 
feature - and scientific method as dogma, a face that much of science wore after Newton in the eigli- 
teenth and nineteenth centuiy, It is immoral in today's scienUncally revolutionized world to palm off 
a few rules for inductive reasoning as constituting method in science when eveiyone who has ever prac- 
ticed science in any real sense knows tiiat it is rarely the real route to discovery. Further, it is an 
injustice to impugn by such a stand that science and scientists are as blind and unthinking as such a 
method would pretend. 

Objectivity in Science 

Knowledge gained objectively according to the method of science is hardly objective at all. True, 
there is an objectivity of knowledge. But the social sense of science requires the deeper consideration of 
objectivity in terms of involvement. Tliere are two separate but interwoven threads that make up the 
fabric referred to here as objectivity. First there is the objectivity of nature that is the systematic inter- 
play between logic and experience - the stuff of true knowledge. The objectivity of involvement is 
the stuff of value judgements, something over which science and scientists can exercise control, a con- 
trol the authority for which we have abrogated for a variety of reasons and in a number of ways. For 
example, consider how a scientific activity is related to attainment of social goals; steel processing has 
markedly contributed to the pollution of Lake Erie, creating a sense of national shari; . , Social merit 
raises some terrible and perplexing questions for science and the scientist. For example, should one 
refrain from objectively attempting to obtain knowledge on subjects such as the relationship (if any) 
between race and native intelligence, or mechanisms of genetic manipulation of inherited traits, If there 
are answers to such questions, they clearly transcent the boundaries of science. 

Ethics in Science 

The problem here is deeper than one would guess at first glance. It is not satisfactory to take 
comfort m one s research being free of social malaise. Because your research hasn't killed any thing or 
^yone or added more pollutants to the environment does not establish one's innocence anymore 
bvery member of the scientific community is party to all of the implications and manifestations of 
science. Disavowing responsibility because one does not personally do research under contract to the 
department of Defense is a foolish and dangerous illusion, 

A Point of View in the Classroom 

The science of chemistry is hardly a benign subject and should not be sold as such Each of us 
has his own point of view and one can do a great semce to science and to society by helping the stu- 
dent to realize his personal involvement in this scientifically revolutionized society 
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Laboratory sessions offer an untapped opportunity. Set aside a corner of the lab where some 
reading can be done and where there is access to audio-visual aids. Tliese can be used by the student 
whenever he had an opportunity during an experiment. Available study units can be designed to tre- 
mendously broaden and develop a point of view, well beyond what miglit otherwise be possible in the 
normajly allotted time slot, With a pair of earphones and a disc tape recorder, a student can listen to a 
lecture by Ritchie Calder on the social implications of population and pollution, cr he can view a 
series of slides on the atom bomb from Manhattan to Trinity to "the gadget" (as the bomb wns called)* 
He can look at a number of reproductior authentic documents in support of the slides, such as the 
Einstein-Roosevelt letters or the Arthur Compton-Farrington Daniels poll of the atomic scientists, or 
Robert Lifton's eye-witness accounts from the survivors of Hiroshima, TTiere are readings on chemistry 
in war, ranging from the acoount of the first gas attack at Ypres to Defoliation in Vietnam. There are 
slides to see on the suuject as well. The student is exposed to a tremendous amount of material, 
painlessly and interestingly, in a time slot that isn't an added burden, in a way that more fully submerges 
a student in chemistry. To mention a few other units . , . , 

Chemists in cartoon and caricature. 

Chemists when they were young. 

Tlie Connecticut Wetlands. A local ecological tragedy. 

Ernest Rutherford 1871-1937 

The program in the laboratory is of course first experimental. We've tried to make something more 
of it and in so doing give further recognition and reinforcement to the place where chemistry ouglit to be- 
in the lab. In short, teach the stuff of chemistry-but with a point of view. 



RJTURE TRENDS IN ORGANIC CHEMISTRY 
MULTl MEDIA AND RELEVANT PROBLEMS 

David N. Harpp 

Chemistry Department, McGllI University 
Montreal 1 10, Canada 

Presented at the 29th Two^Vear College Chemiitry Conference 
The Franklin Institute of Boston, Bostonj Mass. 
General Session, Saturday momingj April 8, 1972 

In spite of a present job shortage in many areas of chemistry, enrollments in introductory chemistry 
courses have significantly increased In the past year or two (Chemical and Engimering News, March 13, 
1972, p, 23). Environmental issues and an increased understanding of the chemistry of life processes are 
among the areas which have clarified to many the importance of the study of chemistry. These factors 
place increased pressure on the teacher not only to convey basic concepts, but to relate these concepts to 
the areas of more direct concern to an expanding student audience. 

Various classroom techniques (such as overhead projectors, TV, super 8mm films, slides and audio 
tapes) have been increasingly used to assist in this endeavor. Our* experience with the overlap^dissolve 
slide projection method (lap dissolve) has shown it to have unique advantages for a variety of pedagogical 
situations. 

Contemporary trends in the teaching of chemistry often require the student to analyze complex three 
dimensional systems which frequently involve moving components. Concepts derived from stereochemistn^, 
confomiational analysis and reaction mechanisms are found in this category. Such topics as cyclohexane 

^Prof J. Daniel, Ecole Poly technique, Montreal; Prof. J. P. Snyder, Y^shiva University and the 
University of Copenhagen. . ^ 
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tlTZTfin r '"^^T"' '"'P^'tan^^ ^tenc effects. nucleophiUc substitution, optical isomerism 

JnL^h T f "''^""^ P^'^^'y^^' ^" =°"^P'«^ ""^ diagrams can be rendered more 

comprehensible and lab demonstrations made clearly visible for everyone in the classroom. An important 

a f cnnrr Vlf ^''^f^'^'^f;^'^ f^cUe display of a wide variety of relationships and dynamic events 
at a controlled pace svith no dark mterval when slides are exchanged. The resultant ability to manipulate 
mformation flow^can help provide a novel learning experience for the student. Unlike film, which runs 
until ,t IS stopped, dissolve projection is static until it is run so that the instructor is in command of the 
lesson in a way that he cannot be during the projection of a film. 

Another useful visual device which we feel will have increasing use, is the single frame advance suoer 
8nnn ^ecto. The Kodak model MFS-S (super 8mm) unit allows the entire visuS compoi^'f'a^couL 
(including single frames, coordmated dissolve sequences and convenrional film reels) to be conveniently 
shown by means of one super 8mm strip. TTie main advantage of this technique involves instantaneous 
change from frame to frame or motion by remote control. In addiUon, screen light levels are at a high level 
dunng all operations. This system might be particulariy effective as the central device in modular course 
instruction In this format the student studies independently in a carrel arrangement with appropriate 
audio=visual mds and works his way through the material by mastering a package or module before advancing 
to the next stage. We eel the MFS-S technique is complementary to dissolve projection and has high poten 
rial for classroom as well as carrel use. Information relating to details of lap dissolve projecrion and the 
preparation of materials are attached. f j 

1. Camera - Pentax Spotmatic (macrolens 50 mm) and Nikkormat (microlens 50 mm) both 35 
mrn SLR models with through the lens light metering, provide good to excellent results Recent 
prehminary expenments with a Leica instrument suggest this to be the camera of choice. It appears 
to dehver each frame in precisely the same relationship to the film ratchet holes a very high percent^ 
flLn ''^'"^^ However, the latter camera Is considerably more expensive 

2. Projectors - Kodak Carousel Ektagraphic (the Ektagraphic line is crucial). There are three 
models; auto focussing, etc. Model AF appeare to give the best results, but model B is suitable. 

3. Tripod - good. firm. 

4. Copy stand ~ most professional models will do; e.g.. Leitz Repro (ca SlOO) 

5. Dissolve - Kodak has one called the "Dissolve Control" (ca. S260). In addition. The Mac- 
Kenzie Company. 10355 Vacco Street, So. El Monte, California 91733, Tel: (213) 579=0440 puts out a 
very fine unit (ca. $300). It has the great advantage of variable lenth dissolve time (0=10 sec ) which 
maximizes motion effects and covers small errors in photography. Neither of the above units will go 
backwards but will operarie by remote control. Another model is put out by Spindler and Sauppee 1329 
Grand Central Avenue, Glendale, California 91201. TTiis instrument allows you to go backwards as well as 
dim the projectors (by remote control), but costs ca. $600. For more information on mechanical less 
expensive dissolve units you can obtain BuUerin S-15-30 from Eastman Kodak Co.~Customer Services 
Motion Picture and Educarional Markets Division, Rochester, New York 14650. 

^^J- ^"^^ Mounts - crucial = must have mounts which are available from Sickles, Inc P O Box 
3396, ^^ottsdale. Arizona 85257. Tel: (602) 966-6256 designated as #6406 35mm Circle S Pin Registered 
Plastic Slide Mounts. These cost -$10 per 500 if purchased by the 1000. TTiey have registration pins so 
each shde^may be perfectly mounted relative to its predecessor (via the film perforation holes. Ultimately 
the quality of registration relates to the ability of the transport mechanism of the camera to uniformly de- 
hver the same aniount of film for each picture. Slides are usually very well registered with these, but if 
not, shaving the bottom or right edge of the mount as it is picked out of the carousel tray or afixing a 
piece of scotch tape on the same edges (Scotch Magic transparent tape is best) will allow minor adjust- 

7. Slide Mouriter^ a press called the Kaiser Mounter is very handy for the above described mounts 
The pre^s is available for ca. $30 from Kaiser Products Co., Colorado Springs, Colorado. Tel- (303) 495- 
2444. If ne;essaiy. the slides can be attached to the mount with Avery 3clf=Adhesive Correction Tape 
(sacretanal equipment). - - h 
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8 Negative Slides - for the Sequential Coordinated Information Display Sequences (SCIDSI) - 
Kodalith film (ortho type 3) is used; it is a high contrast copy film. Your audiovisual peop e would 
kniw aboTthis. One useful tip: for best registration it is useful to make the master draw.ngs w^h as 
thick lines as possible. In general, the master is photographed the required number f ^^en 
the slides selectively masked out with Craftint negative opaque k.nd of a red mud) ^d a -b e ha brush 
(Windsor and Newton works well). A variety of brush sizes will be useful to have. Thus by this tech 
nique the information can be selectively displayed. It might be mentioned that P'^"^^^ f' '^'^^^ 
type symbols provide very professional looking results at low cost. In addition, curves of al shapes may 
be easfirformed by the use of ACS Flex tape. It should be available from any well-stocked store which 
sells artist's and draftsman's supplies. This tape is really quite remarkable for rapid construct.on^c^ 
strai^t lines, etc. The coloring of the slides is accomplished with overhead projector_pens = Maruz^ 
Wonder Markers work well yellow, pink, pink + yellow = orange, brown + yellow = gold, are effective 
clean colors (blue and green less so). Even better (smoother, cleaner etc.) tor colonng slides is a water 
olo" y tem^^^^^^^^ These bottles cost - S.80. Particularly effective 

colors are "now, bhie and .reen. It is interesting that excess paint can be wiped from the frame with no 
d?ineer of smearing onto unwanted parts. > ^ ^ ui 

V Light Box^ Essential for preparing and viewing large numbers of slides. A ^^^f^'^^^P^fl 
model (20 X 24") can be had for ca. $80 (4 lamps) from Porta^Trace, Gagne Associates, Inc., 50 Wall bt.. 
Binghamton ,N.Y. 13901. Tel: (607) 723-9556. 

BIOCHEMISTRY IN THE ORGANIC COURSE 
Eugene H. Cordes 
Indiana University. Bloomington, Indiana 

Rationale tor inclusion of biologically-oriented material in the early years of the studyof chemistry. 

A Molecules of biological origin form an important part of the basic fabnc of organic chemistry and 

there is every reason to include them in a discussion of this area of chemistry. Most distinctions between 
organic chemistry and biochemistry are artificial. _ 

B The audience for organic (and general chemistry) courses is frequently strongly biologically oriented. 
Usually a minority of such students are authentic chemistry majors (and some of these will develop 
into biochemists at any event) and a majority are either in biology, are prc^meds, or arc included in the 

paramedical group. u e 

C Relegating biologically-pertinent material to the third and fourth years of study creates a number of 

problems These include (i) a return to rather trivial types of chemistry in biochemistry courses at a time 
when the student is prepared for advanced and sophisticated work; (ii) there is a consequent time problem 
in the biochemistry course; and (iii) no chemical basis is provided for concomitant courses in the biological 
" ' iences. 

Limitations on the introduction of biochemical material Into the organic course. 

A The course must serve the needs of those who intend to be professional chemists, in whatever subdiscipline. 

B The trend in the biological sciences is strongly in the direction of a more mechanistic view of the life 
■ process Support and reinforcement of this trend requires that students receive a sophisticated introduction 
to organic chemistry, not the minimal treatment required to begin a discussion of biochemistry. 

C The understanding of biological matters changes exceedingly rapidly with time as do expenmental 

approaches employed in investigations in this area. The student must be equipped to meet and understand 
(and hopefully to cause to happen) tbesc changes. This fact, too, requires increasing emphasis on 
mechanistic (asking why, not what) material in comparison to descriptive recitation of the current state 
of understanding of chemistry or biology. . , ■■■ , 

ill We have a problem: excellent rationale can be developed for including more biological material in eariy courses 

but good arguments are also present suggesting increased emphasis on the most basic aspects of chemistry. 

What do we do now? At least three reasonable avenues are open to us. 
IV It is essential to make adequate use of the general chemistry course. 

A We need to remember that general chemistry includes those aspects of the subject matter that are 

germane to all chemists. This includes molecular structure, electronic structure and chemical bonding, 
thermodynamics, and reaction mechanisms. All of these areas turn out to be crucial for the understanding 
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of biocheniistry, 

B, Biochemically pertinent material enters naturally into a general chemistry course, 

i) polymer chemistry can focus on nucleic acids, proteins, polysaccharides. 

ii) stereochemi$tty (molecular geometry) can be beautifully illustrated by biologically important 
examples, These include enzyme specificity, pheromone properties, drug activities, anthnctabolities, 
the sense of smell and taste, and so forth. 

iii) photochemistiy can be usefully extended to include both photosynthesis and the visual process, 

iv) redox reactions can be developed in terms of the associated free energy changes and how these 
are used for metaboUc processes; one can Include the electron transport chain, synthesis of ATP, 
utilization of ATP as the metabolic currency. 

v) thermodynamics is everywhere important; can illustrate using ATP reactions, protein synthesis, 
nucleic acid synthesis, life and entropy, and so forth. 

vi) reaction mechanisms can be chosen to include those associated with enzymes, building at the 
same time on the structural information developed eariier. 

vii) acid-base equilibria can include consideration of the function of hemoglobin and blood chemistry 
generaily^ 

The point is that the introduction of the biological examples is easy, natural, and important. But 
a proper paving of the way is essential: first structures, then thermodynamics and mechanism, then 
everything else. This type of organization leads to continual reinforcement of material learned 
earlien The biological examples reemphasize simpler non-biological ones. 
V, The organic course itself can directly serve biochemical purposes in at least two ways, 

A. Emphasis may be placed on those aspects of organic chemistry which are most important to biochemistry. 
These include: 

i) everything that has to do with the disposition of atoms in space: isomerism, optical activity, 
conformational analysis. These considerations underlie almost all of biochemistry and inolude 

the structure and function of nucleic acids and proteins, the specificity and regulation of metabolic 
pathways, the action of drup and hormones, and the biosynthesis of macromolecules, 

ii) reaction mechanisms: here again, a good understanding of an essential area of biochemistr%% 
intermediary metabolism, depends on understanding a diversity of chemical reactions, not just 
memorizing them. Moreover, the essential problems of processes as diverse as oxidative phos- 
phorylation requires a good mechanistic understanding of organic chemistry. But it is true that some 
mechanisms are more important for biological purposes than are others. The free radical chlorination 
of hydrocarbons is less important than nucleophilic displacement reactions or carbonyl addition 
reactions. 

iii) the techniques of organic chemistry: particulariy nmr, epr, ord and mass spectrometry are of great 
Importance in biochemistry and their importance will increase, 

iv) perhaps less crxicial than the areas mentioned above but important nontheless are specific areas of 
learning: polymer chemistry, and carbohydrate chemistiy are the two most important. 

v) there are lots of areas In organic chemistry that impinge on biochemistry rather strongly but ani, 

in fact, not very important at this leveK These include amino acid chemistry, hjteiocyclic cliemii^try, 
and the chemistry of most natural products. Synthetic and degradative methods are peripherally 
important. 

Biochemically-relevant examples can be chosen for the purpose of illustrating organochernical concepts. 

i) why not illustrate the uses of mass spectrometry using fortuitine or peptide sequencing? Or 
illustrate nmr by talking about ribonucleasc? Such examples are the best way to indicate the power 
of these, and other, experimental techniques. 

ii) the principles of stereochemistry are perhaps best developed in terms of caTbohydrates. The 
importance of stereochemistry can be illustrated in the terms developed above. 

iii) illustrations of synthetic methods can be done in tenns of biolopcally important molecules- 
steroids, pheromones, etc. 

VL Some advantage can be taken of current basic biology course material Increasingly, these courses ar : taking 
• on chemical aspects; enough organic chemistry is developed to permit a basic discussion of proteins and nucleic 
acids. Possibly, this background will permit the saving of time in later chemist^ courses. 
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A MODEL FOR THE ONE YEAR ORGANIC CH0IISTRY 
COURSE IN A TWO-YEAR COLLEGE 



Bobby Walters 

Paris Junior College, Paris, Texas 

ThQ Twanty-Ei^th Two-Year Collige Chemistry Conference 
December 4, 1971, San Antonio Coilege, San Antonio^ Texas 

This study is an attempt to describe the two-semester Organic Course in the junior colleges in Texas 
state schools. It seemed appropriate to secure facti related to cunicalum, use of texts, level of training 
of instructors, course load, and type of laboratory, etc.; thus, a queidonna.'re was developed for this 
purpose. 
Procedure 

TTie questionnaire was sent to all junior colleges listed by the Coordina ting Board, Texas Colleges 
and Universities, in September, 1971. Forty^even questionnaires were mai!ed, addressed to the Chairman 
of the Chemistry Department, 
Results 

The material was sent out in October, 1971. Returns drifted in over a two-week period, and a 
second mailing was made in the middle of November to those colleges who had not returned the material 
The data were then tabulated. Of the 47 questionnaires mailed, 43 were returned, a percentage of ninety- 
two, A summary of the results follows. 

Full-time Staff Members Teaching Organic Chemistry 

All the schools reporting, except three, had one full-time staff member. There seems to be a trend 
indicating that the larger the school, the more staff members it will have. 

Number of Staff Members Teaching Lab 

There were only five schools having staff members teaching lab, if different from lecture, indicating 
that the larger the school, the more assistance needed. 

Level of Academic Training 

There was only one school having a staff member with a bachelor's degree only. Nine schools had 
persons with the Master's degree plus. Fourteen schools employed persons having the Ph.D. Fhls is 
more than the total number reported because some schools have more than one staff member teaching 
Organic Chemistry. 

Use of Student Assistants 

14 schools used student paper graders. 

6 schools used student lab instructors. 
31 schools used student stock-room help,* 

2 schools used student proctors. 
19 schools used student secretaries. 

Teaching Load—2-semester Organic Course 

The total load was from 12 to 25 semester hours, with an average of 17 semester hours. Lecture 
hours per week were from three to twelve hours, an average of ei^t hours. Laboratory hours per week 
ranged from zero to twenty, with an average of ten hours of laboratory per week. 

Schools Offering Z-semester Organic Course 

Of the 43 schools reporting, 39 offered the tw^semester course, and four schools offered both the 
one- and two-semester courses in Organic Chemistry. 

*TTiere was a definite indication that most schools use students for stock-room help, especially for 
organic chemistry* 
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Most Widely Used Texts for Organic Course 

30 schools usid Organic Chemistry by Momson and Boyd (80%) 

2 schools used Organic Chemistry by Brewster and McEwin. 

3 schools used Modem Organic Chemistry by Roberts and Caserio. 
1 school usad Organic Chemistry by Rakoff and Rose. 

1 school usad Organic Chemistry by Shirliy. 

1 school used Elements of Organic Chemistry by Richards, Crom, and Hammond. 
Annual Enrollment 

The range was from 5-125, with an average class size of 19 or 20. 
Semester Hours' Credit Given 

The annual credit in all cases was eight hours. Twenty^six of the schools felt the credit should be 
eight hours, and eleven schools felt that the credit should be ten hours. All of thesa included laboratory. 
Laboratory 

About 15 different laboratory manuals were listed. Some schools used their own manuals, and 
some used the followng: 

6 used Brewster, Vanderwerf, McEwin, 
5 used Adams, Wilcox and Johnson. 
4 used Helmkamp and Johnson. 
3 used Roberts, Gilbert, RodewoJd and Win^one, 
As to laboratory fees, the range was from S2.00-S 10.00, with an average of $5.00. 
The number of hours per week each student meets laboratory varied from three to six hours per 
weak with an average of four hours per week. 

The next question dealt with the use of the lab partner system. Reporting schools indicated the 
following: 

\ 3 used the system sometimes. 
14 never used the system. 
1 1 answered yes. 

TTie average laboratory class size ranged from 4-26 with an average of 14. 

Schools which included Organic Qualitative Analysis as part of the laboratory numbeired twenty-five. 
Ten schcols did not combine the two, and four schools did not report. The number of weeks Organic 
QuaUtative Analysis was taught ranged from one week to thirty-six weeks, with an average of five weeks. 
Instrumen tation 

The number of schools who liave instruments for their students are as follows: 
20 Visible spectra 7 Refractometer 

23 Gas chromatopaph 6 Polarameter 

1 8 Infrared 1 Molecular App. 

8 Ultraviolet 1 Distal MP 

1 NMR 

Interpretation of Spectra 

15 use actual instruments. 
1 1 use films. 

5 use film strips. 

8 use 2 X 2 sHdes. 
23 use workbooks. 

2 use texts, 

2 use spectra collection, 

1 uses overhead transparancles. 

Laboratory Evaluation 

The number of schools using laboratoiy examinations was twenty-five. Twenty-four of the twenty- 
five use written axaminations. Fourteen did not use laboratory examinations for eva' 'dtion. Some 
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schools use pop quizzes before the lab periods. One school uses lab practicals, and one school uses 
practicals (unknowns) and written questions on lecture tests. 

Twenty-nine of the schools use formal laboratory reports, and 35 of the schools have discussion 
groups either before or after the laboratory. One school uses prep tests at the beginning of lab. The 
other schools use this system when they feel the discussions are necessary. ^ 

Evaluation of laboratory counted an average of 25% toward a student's grade. 

Weaknesses of the Students 
15 - Reading 
9 — Mathematics 
7 — Chemical tackground 
4 - Poor study habits 

Student Interest 

4 - Excellent 
31 - Good 
3 — Fair 
1 - Poor 

Discussion , , . , * • 

Based on these data, broad, descriptive statements can be made, many of which are directly ascertain- 
able from inspection of the results and need little further elabcration. There are, however, some trends 
which appear to be supported by the data: 

1. The smaller the college, the greater the teaching load of the instructor. 

2. ITie course is mechanically-oriented from the type of books used. 

3. The instruction of spectra determination is practiced in most colleges. 

4 Increasingly more schools are using Instruments in their laboratory instruction. 

5. A large number of the students are pre-professional majors and not chemistry majors. 

Conclusion , , , ■ »<„ 

This study could not have been made without the cooperation of the schools participatrng. My 

thanks to each school and the persons completing the survey. 

Concurrent Section Meetlnp . , , ^ w ^ ^"t 

The discussion was concerned with the results from the Model for the One^Year Organic Chemistry 
Course. Dr. Billy J. Yager from Southwest Texas State University and Dr. J. C. Staliings from Sam 
Houston State University conducted the morning discussion. 

Most of the discussion was concerned with the transfer problem from two-year colleges to four-year 
coP-e. and universities, it was concluded that most students have little or no difficulty in transferring, 

%e next discussion session was made up of a panel of Drs. T. J. Cogdell, University of Texas at 
Arlin-non- Royston Roberts, University of Texas at Austin; and Raymon Seymour, University ot Houston. 
Dr Seymour presented a very provocative opinion on what the one-year Organic Course should be, and 
this stimulated a great deal of discussion. Discussion was also presented on the use of m^striiments with 
the conclusion thS the actual iustrument stimulated the student to learn and on the undertaking of labo- 
ratory procedures with the students and trying experimenls that were not in the manual. 

TRENDS IN THE SHORT ORGANIC COURSE 
Harold Hart 

Michigan State University, East Lansing, Michigan 48823 
Presented to the Second-Year Chemistry Courses Section, 
29th Two=Year College Chemistry Conference, 
Boston, Massachusetts, April 8, 1972 

Nearly twenty years have passed between the publication of the flrst and fourth editions of our textbook 
"A Sho't Course in Organic Chemistry." During that time many changes have occurred m the actual course 
consent as w^l us in the way the material is presented to the student. Perhaps one can use the expenencc of the past 
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to ixtrapolate to the future, dangerous as that may be. 



1. Attitude Toward the Student 

The 'short course* is generally taken by students who have no strong interest in organic chemistry per se, but 
who need the course material as n'background for other siudies, be they nursing, veterinary medicine, agriculture or 
whatever. The course may be followed by an equally brief introduction to biochemistry. Often the student does not 
really understand why the course is a requirement for his curriculum, and it is helpail if the relevance of organic chemi- 
stry to biochemistry and biology is pointed out by the instructor at every appropriate opportunity. For example, 
the phenomenon of cis^trans isomerism may seem rather theoretical to this group of students, but it can be made Very 
practical by a brief discussion of the mechanism of vision, or the difference in toxicities of Tualeic and IViniaric acids, 
or the effect of double bonds in lowering the melting points of fats. 

It is my view that students who take the short organic course arc as intellectually capable as chemistry majors, 
but have other interests It is important to engage their intellect with subject matter that ib. whenever possible, 
relevant to those interests. The concept of knowledge for its own sake is not appealtng to today's student, and is 
likely to be even less so in the auure. It is important to treat these students with respect, and to not consider the 
course a ^:watered^Llown" version of the full year course. It should be just as challenging and intellectually stimu!: ting 
as the course for niLyurs, and explanations should avoid sLiperficiality and be just as inteP ctually satisfying. The 
subject matter must, however, be selected with care to avoid material which is only realiy of interest to chemists, 

IL Organization of the Course 

Two major approaches have been used by textbook ^uthoi^, and I presume by teachere who use tliose texts. 
The subject matter can be classified according to functional groups or according to renction n]echani:Uig typt^s, or to 
some modification o: these extremes as a compromise. There is no question that the trend has been from a funtion^ 
al group classincatiun toward a mechanistic type classificutlon, since this is the way the lleld of orgunic chemistry hay 
developed dunng the past thirty years. 1 am not sure that this is necessurily the best trend Ibr the short course, how- 
ever, though 1 think it is a good way of teaching organic chemistry majors (with some limitations). 

The functional group organization has the advantage that it minimizes the new language presented to the studeiit 
at any one time, I believe that it is important for the student to know some thing about futi^tional group nomen- 
clature, structure and reactivit> patterns before he can appreciate the subtleties of mechanist^: discussions. Later, 
one can use mechanistic similarities as a review device - forexample, to point out the similarities and differences in 
the carbonyl reactivity of esters or other acid derivatives with those of aldehydes and ketones. Repetition of this 
type is an aid to the learning process. If the mechanistic approach is used in the extreme, the student may luid himielf 
talking about the reactions of compounds he cannot name. 

Mechanistic discussions are important, even in the short course, because they can provide the studeiit with 
some framework for facing new, previously uncncountered chemistry. But special care should be taken to ensure that 
the mechanisms do not become an added memory burden, but actually do enhance the student's understanding of tl^e 
chemiGal reactions. 



IIL Role of the Laborntory 

There is ri growing tendency to economize laboratory in the short course, the argument being that btudtnts 
who take this ccurse may never have to synthesize a compound, or recrystallize, or distih etc, 1 agree that the emphasis 
in laboratory for these studenis should not be on learning techniques, or on obtaining high yicldsi^etc, (unless, per- 
haps, they arc students who will end up in a laboratory job, such as clinical chemists or medical technicians.) But 
the laboratory can lend reality to the subject for the student; he can see, handle, smell some of the compounds which 
may seem from his lecture or text to be only intellectual constructs. Hopefully a good laborutury numual will con- 
tain enough discussion material to clearly relate the purpose of the experiment to the text or lecture. 
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IV, Study Guid^ or i^iswer Booklets 



I think that as the number of students taking the short organic coune continues to increase, and funds for new 
faculty beconie increasingly tight, there will be a growing trend to make greater use of self-study aids. The student 
learns organic chemistry best if he has an opportunity to work as many problems as he can, and they should be 
assigned in an amount which is consistent with a reasonable homework assignment. An answer booklet can relieve 
the faculty of some of the burden of grading homework problems, indeed the problems need not be ^aded, and one can 
use as an incentive for doing them a promise to use some of the same problems on quizzes or exams. A good study 
guide should not only give answers to problems, but should ex plain how to obtain the answers, and should cross 
reference answers to sections of the text which may require further study. 

V, Specific Subject Matter Trends 

In the last section of this paper, I will consider very briefly some of the major trends with regard to specific 
subject matter in the short organic course. 

p. How much biochemistry? The trend toward including more biochemistry and less industrial organic chemistry 
in tk .lOrt organic course is clear. In the 1953, 1959, 1966 and 1972 editions of our own text, for example, we 
devote A 0, U 4 and 10 pages respectively to the nucleic acids. Many texts include sections on metabolism though in 
my opinion this subject should be left primarily to the biochemists to teach, with just enough examples in the short 
course to show that the metabolic reactions are often simply examples of well-known organic reactions = hydrolysis, 
oxidations and reductions, aldol and other condensations, decarboxylations, etc. But to discuss, for example, the Krebs 
cycle in this course is just to add another series of reactions for the student to memorize without really understanding 
them. 

I predict that in the future greater attention will be paid to hydrolytic chemistry, to phosphate and thio esters, 
to the chemistry of amines and heterocyclic compounds; less time will be spent on petroleum chemistry, acetylenes 
and certain hydrocarbon reactions, organic halides, and other classes of compounds or reactions which are of lesser 
importance in the reactions of living systems. It makes good sense to spend more time on reactions which will interest 
the clientele of the course* 

b. What about the relevance of organic chemistry to societal problems? Student interest picks up when one 
discusses drugs, birth control compounds, the biodegradability of detergents, pollution by halogenated insecticides, 
etc. One can take advantage of this interest to teach organic chemistry which is just as sound as the reaction of 
Gringnard reagents ith carbonyl compounds, and surely of much greater relevance to the nonmajor who takes the 
short course. Student also get interested when I discuss the Miller and Urey experiment, and others like it on chemical 
evolution, and I predict that this topic may be expanded in the future. 

c. Where should stereochemistry come in? The concept of three-dimensionality in organic structures should 
of course be discussed from the word 'go'. Geometric isomerism is also easily introduced at an eariy stage, perhaps 
with cycloalkanes and surely with the carbon-carbon double bond: The concept of optical isomerism tends to come 
earlier and earUer as the years go by, though I think the discussion of optical activity, polarized light, etc, can disrupt 
in the sense that it focuses attention on an unfamiliar subject and unfortunately connects structure with some 
phenomenon regarding light rather than chemical behavior. One can easily use geometric isomers to illustrate 
reaction mechanisms and defer optical isomerism until the student is familiar with the functional groups present in 
lactic acid, glyceraldehyde, tartaric acid, etc. In short, the subject can be deferred until it is really needed to discuss 
amino acids, carbohydrates and other natural products. However this is admittedly a matter of personal taste and 
my own may run counter to current trends. 

d. What about other new topics? The contributions of spectroscopy to structure determination may interest some 
students and the trend is for more material in this area-though 1 am not convinced that it means a great deal to the 
clientele of the short course. Molecular orbital theory comes in the same category, though pictures of orbitals do 
help the student to conceptuahze structures and I think they will be increasi/igly used. Energy diagranis are rather 
abstract and not too helpful for students in the short course. 



VI. Conclusions 
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The point which has to constantly be kept in mind by those teaching the short organic course is that the stu- 
dents are there for a purpose different from that of chemistry majors. The problems of selection of material and of 
motivation are exceedingly important, Hopefully the future will bring an even greater regard for the student's interests 
than has been seen in the past. If sight of this goal is not lost, the course will continue to serve a useful function. 
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QUANT, THE REAL THING 
Joseph Nordmann 

Los Angeles Valley College, Van Nuys, California 

Some institutions have saved quantitative analysis as an independent entity through restorative 
pedagogy (1,2). Some have deemphasized qUant by fusing it with allied lower division chemistries to 
create unique combinational offerings (3). Still othere have dropped the course completely or predicted 
its imminent demise, not atypically because they have judged analytical chemistry superannuated by com- 
parison to purer disciplines which by definition are less applied (4). It is the feeling of this author that 
quantitative analysis is a workable discipline and that both its undergraduate and graduate programs 
should be sustained and strengthened. At Los Angeles Valley College we have modernized and invigor- 
ated the course through reevaluation of the goals and objectives of training in cheniical analysis. 
Philosophy and Reorganization 

The main thrust of reality is analysis of "the real sample." As indicated in the lab outline below we 
use mostly real samples, some furnished by the student himself Utilizing "what chemists do" provides 
fertile ground for making valuable correlations while holding student interest and scientific significance (5). 
The intriguing complexity of practical analyses presented as case histories with exhibits gives glimpses of 
other sciences and technologies and leads into wide ranging discussions of current analytical problems and 
the analyst's attack on them. We picture the analyst as a scientist who does both basic and applied work 
and one who knows how to (a) evaluate a problem as a whole and interpret a sample's origin and chemistry 
in order to select the appropriate analytical method, (b) devise a method if a new one is desirable, (c) 
gather a representative sample, isolate the analyate and determine it, and (d) properly express the result, 
knowing the hmitations the procedure has imposed. 

We began serious redirection of quant in the early 1960's when first noting a general shift of student 
interest from engineering !o biology. Since then we have altered the classical quantitative curriculum by 
shifting the emphasis toward life science and environmental chemistry while generally updating the con- 
tent. Previously, for example, we analyzed alloys, minerals and salts using such techniques as furnace 
combustion and electrolytic separation. Now we are examining foods, natural products and the structure 
of organic molecules using spectrometers and chromatography. As developments dictate we will continue 
to change the material somewhat each year. 

Our two freshman semesters have been divided into three approximately equally weighted units of 
work: (a) general chemistry, (b) chemical equilibria, descriptive chemistry of the elements and qualitative 
analysis, and (c) introduction to quantitative-physical measurements. Experiments preserve certain analy- 
tical fundamentals (gravimetry, and titrations involving acid-base, precipitation and redox). To them are 
added studies that employ simple instruments such as the pH meter and conductance bridge. 
Lecture Material 

The following outline summarizes the formal principles presented in lectures wJh Ihe aid of the text- 
book (6) and libraiy assignments. In one way or another all prime topics are interpreted in lab except 
NMR, which is introduced through examples of actual spectra. By using laboratoiy hours for all other 
activity (giving exams, film viewing) we average 29 lectures per semester. 

1. Overview of analytical chemistry and its importance today; sampling; errors; statistical 
handling of data. 

2. Review of stoichiometry; gravimetry; solubility equlUbria; activity coefficients. 

3. Acid-base chemistry; normality; polyproric acids; amino acid systems; nonaqueous methods. 

4. Extraction; distribution coefficient. 

5. Redox chemistry; Iodine methods; potentiometry; ion-selective electrodes. 

6. Spectrometry-!; nature of electromagnetic radiation; general instrumentation for measuring 
radiation absorption; absorption of visible light; photometry laws; absorption of ultraviolet; 
structure correlations and quantitative methodology. 

7. Spectrometry-II; absorption of infrared; structure correlations ^nd quantitative methodology. 

8. Spectrometry-III; flame emission and atomic absorption. 

9. Chromatography; principles; brief survey of types; gas chromatography. 
10, Nuclear magnetic resonance spectroscopy. 
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Lab Demomtrations and Experiments 

Demonstrations focus on new lab procedures and usually include analysis of one or more samples 
which are not duplicates of other lab work. During each demonstration the student takes notes in his 
notebook and processes the analytical results as if he had been the analyst. 

Student experiments have been chosen to illustrate lecture principles and give experience in both 
classical and modeni methods* Experiments that employ single, major instruments (Experiments 6, 7, 8) 
are assigned on a rotation basis for teams of two or three students at a time. Each person gets hands=on 
experience with every instriiment. 

For analytical procedures we use adaptations of journal articles and stundard methods published by 
such organizations m the American Society for Testing Materials. In common with much conmiercial lab 
work in which slide rule accuracy (or less) is adequate, we regard our methods lor real sample analysis as 
semiquantitative. Student answers are evaluated by comparing them to last seniester's analytical results, 
and the understanding the student shows both in his notebook and during in-pLTSon discussions. A few 
synthetic unknowns (example: Experiment 3b- 1) are included specifically to check on the accuracy of 
the student's work. 

The remaining time is used for a "research" project which the student selects individually. He has 
been anticipating this and done some reading and consulting with the inhlructar. He is expected to (a) ^ 
propose liis own problem and find adaptable directions in texts or the literature, or (b)^3flect an experi- 
ment from a list furnished him for which a procedure is available but which is to, be- modified in some 
novel way ^ Projects are graded for originality, completeness of planning and writing, and results. 

Ideally, two laboratory assistants should work with the class throughout the semester. We have one 
knowledgeable upperclassman whose job includes getting demonstrations ready. He is indispensable the 
last three weeks of the semester which are unusually busy. 

The present schedule uf demonstTations and experinients follows. 

Demonstraiion A. Lab measurements. 

a) One-pan balance. 

b) Gravimetric techniques. 
Experiment K Calihration of a buret. 
Experiment 2. Gravimetric phosphorus in deiergents. 
Demonstration B. Acid-base titrations. 

a) Volumetric techniques. 

b) Conductometric titration of HCl-HOAc mixture with KOH (7), 

c) f ^bonification number of a fat (8), 

Experiment 3a. Potentiometric titration for total acid in powdered gelatin dessert. 
Experiment 3b* Nofiaqueous titrations. 

1) Pure amine titrated for equivalent weight, 

2) Total alkaloids extracted from tobacco (9), titrated with the HCIO4. 
Demonstration C. Iodine methods, 

a) Analysis of a copper ore, 

b) Titration of li with SjOa^", biamperometric end point system (10), 
Experiment 4a. Fat in prepared meat and its (Hanus) iodine number (111 
Experiment 4b. Ascorbic acid in citms juice (121 

Demonstration D. Visible spectrometry. 

a) Spectral curves of Ni^* and Ni-EDTA complex; finding wavelengths of maximuni absorbance 

b) Finding the reacting ratio of the complex (Job*s method) and the instability constant (13). 

c) Analysis of Ni^* plating bath solution after establishing a calibration curve. 
Experiment 5a. Fluoride in water by visual colorinwtry (141 

Experiment 5b, Spectrophotornetric determination of Cr^- in waste water (15), 
Demonstration Ultraviolet spectrometry. 

a) Absorption spectrum of benzene vapor. 
Experiment 6. Ultraviolet spectra of selected compounds. 
Demonstration F. Infrared spectrometry. 

a) Spectra of thin polymer films (16), 

b) Cell thickness from interference fringes (17). 
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Expariment 7. Infrared spectra of a solvent, solute and solution. 
Dtmonstration G. Chelometric titrations flSl 

a) Total hardness of tap water, 

b) Ca^* in tap water. 

Demonstration H. Atomic absorption spectrometry, 

a) Establishing instrumental parameters: sensitivity at difYerent wavelengths, effect of spectral 
slit width, effect of fuel/oxidizer flow rates, flame background absorption. 
Experiment 8. Analysis of natural waters for Ca^* and Mg^* by atomic absorption. 
Demonstration L Gas Chromatography. 

a) Establishing instrumental parameters: flow rate, temperature, column selection. 
Experiment 9a. Gas chromatographic resolution of a mixture and determination of certain charac^ 

teristics. Instrument: Carle Basic Gas Chromatograph with recorder. 
Experiment 9b* Gas chromatographic quantitative analysis (191 
Experiment 10. Research. 

Some exaniples of recent student selection: 

a) Conductance studies of water pollution; student-made circuit. 

b) Blood analysis with a blood gas analyzer. 

c) Investigation of the quinhydrone electrode; student-made circuit. 

d) Cholesterol by colorimetry; isolation from gallstones. 

e) Performance of an Oldershaw perforated-plate column by refractometry. 
0 Chloride in desert plants; comparison of methods. 

g) Sodium in diet-controlled urine specimens by flame photometry, 

h) Nickel in meteorite fragments; synthesis of a-benzUdioxime for gravimetry. 

i) Total atmospheric oxidants by spectrophotometry, 
j) Photometric titrations; tannin in tea, etc. 

Summary 

Response to the program described has been gratifying. We believe the results are due partly to a 
humanistic teaching philosophy which recognizes that socially directed idealiim, a desire to understand 
the physical world and a need to become useful (and therefore acknowledged) are powerful wellsprings 
of student sel^motivation. Chemical analysis sams admirably to tap these sources because it demonstrate^; 
with convincing directness how quantitative answers can be obtained from nature. As the student examinu^ 
genuine bits of his environment from a foundation of theoretical principles he comes to realize that analy-' 
tical chemistry is one of the most powerful problem-solving tools we have. And as he finds how chemists 
are applying it to questions everywhere in the sen^ice of man we think on balance he sees a need for more 
science-not less-and therein opportunities for his own career. So far, nobody has finished the course 
saying quant is not the real thing- 
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Future Trends in Chemistry for the Non-Science Major 

John T. NettervUIe 
David Lipscomb College, Nashville, Tennessee 

Introduction . , ^ e ^t, u 

Who can predict the future? 1 surely cannot! But I can see some of the future needs of the human 
race and they are all related, in some measure at least, to chemistry. From the urgent need for a balanced 
diet 'by much of the human race to the dedication of a wondrous work of art or a religious sacrifice, it all 
has to do with matter and the value we place on material thinp. Even the poet is inarticulate except m 
his comparisons to material thinp. A chemical Garden of Eden or a chemical doom are the extremes at 
either hand for the human race. In the near future we will likely not go to either extreme; but m the ong 
term either is conceivable for a human family such as ours. We will move! To say the obvious, we will 
progress or regress; but the important point is: our motion will, in a way, be chosen-mtim by default, or 
by intelligence, or some combination of the two. How we handle liberal arts chemistry can surely be a 
significant point in the determination of our chemical future. So this makes our meeting today and our 
discussions important, as I am sure you are well aware. 

It is apparent that the speakers for this symposium were chosen because of the chemistn' books we 
have written for the non-science major. Let's be honest about it=we would like to sell books! We are 
somewhat like the six Democrats who appeared with Frank McGee last Tuesday morning before the Wiscon- 
sin voting; we would like to create the best possible impression in order to achieve our goals! And I, lor 
one admit it is sometimes difficult to distinguish between personal greed and human need. I hope that in 
this talk and in my writinp with Jones, Johnston, and Wood, I can, and have, avoided the error of observing 
the motion of the crowd, racing to its front and shouting, "I am your leader!" I further hope that this 
talk will adequately represent the writings of our group, which are intended to help meet individual and 
social needs relative to chemistry. , ,u' , 

We are indebted to the W. B. Saunders Company for publishing our work and making this presentation 

possible. 

But, we are here to discuss trends. _ , ^ ^ 

Trend Number One: There will be a growing awareness of the vital self interest involved for the 
individual and the society in chemical understandings, chemical control, and chemical transforma- 

A good many years ago. when I was teaching the seventh grade in Ketchikan, Alaska, the principal 
of the school, Walter Savikko, and I were dealing with a truant. The lad insisted at first that he had the 
right to remain ignorant. He argued that he would hurt no one but himself, and he was not at all sure 
that he was even going to do that. After much talk, the point that seemed to score best with the boy was, 
and is the most basic reason for compulsory education in the United States-=our system of government 
cannot survive an uneducated electorate. He came along and was an acceptable student after that. 
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Now, I know It may be somewhat premature for me to draw a strong analogy between the Alaskan 
truant and the non-science major who says "so what?" to the physical sciences. But in my judgment, my 
only error is m the degree of prematurity. When I think of population trends along with the consequent 
need for food, clothmg, and shelter and the attendant pollution problems. I wonder just how much chemical 
ignorance we can stand. 

There was a time when an education in the liberal arts was a luxurious thing. If one had a patron or 
an endowment, he could in his ivory tower "do his thing" with no real concern for the practical conse-' 
quences. •intrinsically interesting mattersl" "Learning is importanf!" "ITie scholar cannot be concerned 
with the results of his newfound knowledge, not the effect that it has on thinp or even its effect on 
people, for that matter." Chemistry was bom, and it flourished in such a climate. 

But the consequences of chemical knowledge were small, and are even yet. Thus far, chemistry has 
claimed much that technology has wrought. However, it is changing fast! The "golden age" of chemistry 
IS at hand. It will change our environment if not life itself. We are fast approaching the point where we 
cannot do without the common sense of the common man in the chemical affairs of this world 

Now the common man, more than the scholar, does much of his learning for extrinsic reasons If 
convinced that a chemical solution is available to answer his need for a paper mill in his community and 
ms desire to maintain a good environment, and if he believes that such chemical matters are scrutable for 
ordinary folk, he will proceed to acquire the needed understandings, And this we believe to be a whole- 
some thing, for in keeping with our approach to government, all who are affected should participate to 
some degree at least in the group decision. The question will be just as Important in the chemical revolu- 
tion as it was m the Amencan revolution: can the masses trust the elite? And the masses will surely 
answer, No!" 

More and more, the enlightened individual will demand more chemical information and the understand- 
mg to use It to solve his immediate problems. The liberal arts chemistry course cannot provide all that Is 
needed, but it can show the ready accessibility of the information and understandings. In my area of 
Tennessee, my dairy^farmer friends constantly talk about the chemistry of feed stock nutrients and of the 
soil, and why some fertilizers are easily leeched from the soil while others are not. Some even'subscribe 
to the research publications on these matters from the University of Tennessee. 
, x.^°"'""i®' chemistry has been a matter for the curious, the choices involved giving way to the hard sell 
of Madison Avenue. But this will change! The demand for buying drup by chemical names is a sign of the 
tuture. When food additives outnumber the foods, and when we admit to the public that we really don't 
know the consequences of some of the chemical thinp we are doing, they will demand a greater degree of 
chemical understanding and participation. 

Chemistry for the immediate use of the non-chemist is here and will continue to grow. The college 
chemistry course for the non-science student cannot go on being oblivious to this. 

In addition to the demands of society in general, and the Individual in particular, for the desired chem- 
icai control to further man's interest, there is an increasing degree of chemical conscience showing Dr F 
A. l^ng, Cornell University, and Chairman, ACS Committee on Chemistry and Public Affairs, said in the 
April 3 issue of Chemical & Engineemg News; 

In the face of these urgent problems (peace and war, elimination of poverty, a deteriaratins quality of life) 
we as chemists cannot, m conscience, maintain a stand-offish position of dedication only to disinterested 
science, or act as spectators white technology develops under its own imperative. If we are aware of 
possible deleterious impacts of new science and technology, we have a responsibility to alert the Govern, 
ment and the public. We should foster and participate in technology assessment efforts, designed to 
maximize the benefits of technology and to minimize the deleterious effects. We should actively search 
for ways in which chemistry can contribute to desirable social goals. In a word, we should work toward 
a more perceptive and participatory social conscience to chemistry and chemists. 

Most of us, in fact, have commonly argued that the central characteristic of a profession, be it law 
medicine, or the ministry, is a sense of responsibility for others. As we guide chemistry toward an in- ' 
creased professionalism, our standards surely should be no different. 

This desire to use science to help people is at the highest level of human motivation-=the human urge 
yes, the human need to help humans. ' 
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Trend Number Two: There will be a clearer focus on the sensory world and the constantly changing 
theoretical world, the latter seeking to explain the former. ^ . 

Inductive reasoning and circumstantial evidences concerning theoretical matters, by their very nature, 
can never be final and absolute proof for any assertion. The chemist will be forced, as his science becomes 
more and more public domain, to admit that much which he supposes and believes to be true is something 
less than fact. In talking with his peers, the chemist has a tacit understanding concerning what is real and 
what is theoretical, but this does not often come through in his conversations with the public. 1 suspec 
that the scientist himself often gets intoxicated with his theories and treats them as fact. John Dalton died 
before he gave up the argument. Consider this quote from J, J. Thompson: 

"This quantity can only be the charge on the central positive nucleus, of the existence of wHhh we 
already have definite proof, " 

We have a man^elous case for the nuclear atom; yes, even overwhelming evidence in the minds of 
most- however, let us admit it is not defmite (in the sense of being nnal) proof. Dewey Larson, at least, 
would like for you to consider another possible explanation. History offers ample evidence that even 
though the scientific world generally agrees on a theoretical point, the point may soon fade in the light 
of new facts. It is too bad that elementary and high school science programs are so constructed that they 
make no distinction between fact and theory. It is no wonder that the students now coming to college 
think the science to be mysterious and "beyond them." It is not uncommon to hear them say that it 
takes a special kind of mind to understand chemistry. Some of what they learned had to be unlearned and 
little if any reason was ©ven for either the new or old set of beliefs. 

Now. lest I be misunderstood, I agree that there is a degree of subliminal understanding of fact and 
theory in the high school graduate's mind, but it is rarely in clear focus. 

In my teaching experience, students seldom have trouble with facts unless you foolishly want them 
to remember all of them. They readily accept facts, especially if through demonstrations and expenments; 
they can experience them. It is hard to argue with laboratory facts, and hardly anyone does. 

Theoretical ideas are quite another matter. They are harder to comprehend because they have already 
stretched the imagination of the conceiver. The ideas have to be conveyed to others. But, if you call a 
spade a spade and honestly admit that this imaginary idea is a plausible explanation for the accepted facts 
and nothing more, the whole thing goes rather well. 

Until this fact-theory relationship is clearly developed in our liberal arts chemistry, our students will 
continue to ieave even our college courses with a smattering of information and no coherency upon which 
to hang Understanding. 

I predict that society, as a whole, and our liberal arts students in particular, will increasingly suspect 
that we are not first-cousins to God. They will persist in "why" questions until we communicate as 
can H idly with them as we do with each other. 

;he chemist will be forced in his exchanges with the public to be somewhat more conservative m his 
claims concerning his knowledge and understandings. We will learn to avoid such statements as: "all 
problems can ultimately be reduced to simple acts of the atoms and molecules." Or we imply that a 
molecular understanding of the most basic human problems is "just around the comer." It is possible 
that these statements are true, but it is nonsense to make them as fact. It is one thing to say that these 
assertions are possibly true, but it is quite another to challenge the will of the individual, religion, and 
ethical decisions made on personal values, by such molecular assertions. We will be far more believable, 
creditable, and understandable if we will insert a few "mayhe's" and "possibly's" into our theoretical 
pronouncements, 

Trend Number Three: Chemical laboratory experiences for non'SCience majors will be directed toward 
problem solving and the tnterpretation of Individualized data, or they 

A clear distinction should and will be made between demonstrations and experimentation. It is far 
too costly in trouble, time, and money for the same demonstration to be repeated 30 times for 30 students 
in a chemistry laboratory. Such a demonstration should be done by the teacher or a selected student for 
the benefit of all Nothing is worse in the chemistry laboratory than the situation where the students can 
read the results of the lab work in the textbook and then dry lab the "experiment." This is not an ex- 
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periment althoush i t is m OKpericnc:e-an experience that fs generally boring. M experinient involves a 
sitLiatioii in ^ni«^h an observation is made and ^ther observations were [ipparently possibie. There is an 
inherent sense cjf excitement in a ^cll-coiiceived e^cporiinerit that is experienced by the liberal arts stuclent 
as ^veIl as the research scientist. TliHevel of sophi^^iwatiofi of tHe expcrinient has little corrolation with 
the level of exciterrierit; rather, it is related to the rtatural curiosity that is in us all. 

Perhiips the greatest proWcni jii undsrstancling chemistry foi most peopjQ is their lack of imderstanding 
of what clieniists actually do as they ply thdr trade/" It is easy enough to allow the non-science major 
to do the tilings that cliomists do, to gather datfii peculiar Co each slud^ut. and tliendra^^ iiidividual con- 
clusions. EKperimerits in purification, identilicatiori , qtiancitative rneasiiremeiu^, ^ partial 
characteri^atioii of labomtoty preps are easy unough to aclnicve fai sel^contained, thrce^iour experiments. 
If there is tinie and Aicility to move out into the ec?inminity to experiiiient on pressing envirunniental 
prablenis, so much *lic better. But care will huv^e to tafen here; iiothirig \vill suktEtutc I or experimen- 
tation. 

In my e^psmnce, students ^itJi few exceptions state that the laboratory/ (m described above) is the 
most enjoyable ^nd profitable part of the course^. Peril aps it U only in tii€ reyi laboracory with a real 
problem that studmts can get a realistic feeling for ftctiial chemical inftrniation and its consequences. 

To the largest extent possible, the eKperimental applications of the c;£3urse should involve those things 
that have beeii e iicaimtered by the students. E^pcrinients cari ancl should be related to current problems 
such as pollution cantrol 

If the lat is nat re Icvaiit, it will be forced ^ut. 

Tre/id Mdrnber p^aur: The scfmnst wili be d^jwrtmckd md made to appear abcnt m Human as cvervbodv 
else. 

To say tliat science and technology have greatly irnprc?ved the pli&ht cf the huiiian race is to invite 
considerable debate. It may be a premature clajri. It couUl be sornevv^liat Hke the one-year-old who 
found the thr^e^pound box of chocolates. It gould h.w€be^en a flne thing if Dsed with discretion, but 
itvw^ound up as a severe stomach disorder, 

I am iiot at all sure how we have built uj) the notion that there is a typical scientist with all of the 
correct attitudes and qualities. VVe have led our students tc> beHevc that there {% a scientific me thod, whidi, 
if properly applied, wll finally salve all problems^ Well, there is m typical scieritist and there is no such 
tUnEaBthescimiiticm&thQd. Our niajorsh^ve Mown this foi years because they jget to know us; how- 
ever, the nnasses, loing by, have been fooled. As we affect their lives more and iTiore in unpleasant ways, 
tJiey Mil demand a better knowledge and see us for the hunians We are. We cannot and shotild not hide 
our fumbliiig, groping, s truggling efforts. To read one of our survey texts is to read orie Nobel Prize winning 
story after another As they watch m more closely, we all know they will ^ee quite a few^ mistakes and 
abortive efforts between the piizes. 

Now, 1 do net suggest that the scientist ivill not continue to be a respected person in the society. He 
will continiie to have coJisiderable power, but he will caJistantly be answering to the public who will be 
paying his bills. Th& av%^esoine belief that sdence will surel>r make things better vvill be fione. 

I think our public \^11 epnie to the genexali^ation tliat it takes no special kind cf intelligence to be a 
chennist. In thJs area of human stiidy. as in others, the smart ones make tin niost sifiiiiflcant contributions, 
and it is harder to folios^ their thinking than that of the average fellow. | know that it is apparent that 
some human intelligeiice is Jnore quantitative. But I am conviriced that as the vital self-interest becomes 
more apparent relativ^€ to chemistry, people of all sorts will (iernand and obtaiii^ to a measure, a greater 
degree of parti cipatioji in the sdences. They ^vili generally conclude, like the trial lawyer mth a case in a 
new area, that an in-depth study will make them knoAvledgaabla in the area. They, the people, will want 
and need the expert in chemistiy, but they will n^t place their Tinal cheiiiical trust in him. Too much will 
be at stake ! 

The job of the libera! arts chemistry teacher ^ill be twoWd: (l)Toset the chemical stage so that 
the student can operate ^ith undejatanding and (2) to offer for study a wide variety of applications in 
currant chemical problerns, allowing the student to concentrate at his point of n^cd and interest. 

The particular f^cts and related theories that niust be included are ^\\p for pabs>'' We would never 
agree in mass. But some coiiiiderable effort h^s t^ be tnacle here. Those vv^ho teach 0nl3^ cheinical applica- 
tions^ without shoeing some of the '*gut issues'^ in the inner wakings of the science^ will continue to 
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mystify their students. A cornplete break with tradition therein one looks only at curreiit chemical prob- 
lems will not satisfy; it will not work. 

In sumniary, we will see these approaches: 

L Traditional (based on facts-this is fast dying out) 

2 Traditional (based on concepts of theory) 

This will continue to have appeal for the true liberal arts student who loves learning. 

3. A relevant approach (based only on current problems) 

This will have remarkable ©-owth but it will not be satisfying and will not last, 

4. A tandum approach (a combination of selected traditional concepts based on laboratory facts 
with a free-swinging study of some current problems) 

AVe are presenting three books for the last three approaches: 

2. Chemistry, A Brief Introduction, 1969. 

3. Chemistry and the Environment, Decemiber, 1972, 

4. Chemistry, Man and Society, 1972 (out), 




Chemistry for Changing Times 

John W. Hill 

UniverBity of Wiscoiisin, River Falls, Wisconsin 

During the 1969-70 school year I was asked to teach a section of Chemistry 100, our course for the 
non^science student. I apeed to do so rather reluctantly, for I was quite happy teaching organic chemistry 
and pursuing a modest research program, though I was av^are of declining enrollments in chemistry courses 
and a rise of '*anti^science'' among many of the students and teachers of the social sclances and the human- 
ities. 

This assignment brou^t a rude awakeiiing. As I searched for a text, I became more and more appalled. 
Students in the humanities and social sciences were being offered the same sort of physics-oriented chemistry 
course that was pvan to majors^ only watered down a bit. 

Chemical education has chaiiged a lot since I took college chemistry in the mid-1 95 O's, In fact, a 
veritable revolution in the teaching of introductory chemistry occurred in the late I950's and early i960's. 
It perhaps began vvith Sienko and Plane's first edition of the textbook called simply Chemistry in 1957. 
It soon pervaded nearly all introductory chemistry courses in both hi^ school and college. This revolution 
was a shift away from the historical approach and deicriptive chemistry and toward the teaching of principles. 
Such a change was based on the quite lo®caI assumption that, with the very rapid increase in chemical 
knowledge, one could no longer survey that field in a one^year course. One should therefore concentrate 
on the principles of chemistry. After all, principles have a little longer half-life than do so-called ''facts" 
about industriaS processes. 

It seems to me, at least in retrospect, that authors vied with one another to see who could write the 
more rigorous and mora sophisticated "priiiciples" text. References to chemists, if made at all, were 
usually by last name only. These texts did not ©ve a very good picture of "what chemists do '-or for 
that matter, did little to indicate that chemists even existed as human beings. 

Courses of this type-=as exemplified by CBA, CHEM STUDY, and their successors at the high school 
level and by the "Principles'' coums at the college level-v^ere quite successful for students already inter- 
ested and for those able to deal with rigorous approaches to chemical problems. Students arrived at the 
next level of education in chemistry much better prepared-but fewer in number. These courses were 
essentially professional in character; they provided a sound foundation for additional work in chemistry. 
It was hoped that students could apply the experience gained in these courses to non-science activities. 
This important aspect of a student*i education Is often lost to many students because it Is offered in the 
context of a chemiutry too aseptic, too pure, too intellectually demanding, and lacking in any obvious 
relationship to the chemical world In which the student lives. At a time when the exciting action in 
chemist^ was taking place at the interface of chemistry and biology, the teaching of chemisto^ was 
moving toward physics and physical cherriistry. We were zigging when we should have been zagging. 
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I should point out that it is not my intention to negate the vital contributions of physics and physical 
chemistry to our discipline, but merely to point out that the mathematical vigor and aseptic nature of 
such courses led to the exclusion of large numbers of students from introductory chemistry courees=-or to 
their failure if they did enroll. The counes were less interesting and more difficult to most students. 

It IS my contention, then, that curricular trends of the last decade or so have been a mixed blessing 
as far as science students are concerned. We have fewer students, but they are better prepared for future 
chemistry courses. Wliat is really unfortunate, in my opfnion, -Is that those same trends have pervaded 
even the courses for non-science majors, where they ha ii' caused an almost unmitigated disaster. Tlie 
bestselling chemistry text for non-science students, for cxamylc, has three chapters on atomic structure- 
and virtually nothing on the cheniical problems of the modern world. And yet we wonder why students 
are turned off by "chemistry," 

What are the proper objectives of a chemistry course for non-science majors? Surely we should not 
try to make "little chemists" out of them by teaching^or trying to teach --"watered-down" principles 
courses to them. But they do live in a chemical world, and we as chemists can help them to interpret 
that world, to understand it, and perhaps in sonie cases, how to change the world. 

Let's lipt sonie reasonable objectives for a chemistry course for non-science students. 

1. Such a course should attract as many students as possible to take a chemistry course. If 
they don't enroll, you can't teach them anything, 

2. The course should involve them in working througli just enougli cases so that they will in- 
cjorporate in their life style a sense of how a chemist approaches and solves problems. 

3. rhe course should induce thera to relate chemical problems to their own life and living and 
to understand the significance of these problems. 

4. It should excite students to an interest in the subject which is completely open-ended in 
content-as they take the course and, in time, as they leave the course to live the rest of 
theij lives. Chemistry is not a dead subject to be memorized, then forgotten after the final 
exam. It is what the student learns the rest of his life-not what is taught in the course- 
that is really important. 

5. Last, but not least, it should carefully distinguish between science and technology. 

How can such objectives be met? Surely not by a watered-down principles course. Extensive exposi- 
tions on the quantum mechanical atom, lots of stoichiometric and gas law problems, and a rigorous mathe- 
matical treatment of kinetics and equilibrium will merely serve to increase the students' fear-even hatred- 
of chemistry, 

To attract large numbers of students, it is necessary to communicate with them. The lecture method 
traditionally used in college chemistry courses is basically a one-way street. We inform the student of 
what he should know. To reach those indifferent to or even anti-chemistry, we must find out what they 
want to know. Ajid today's students are asking about drugs, pollution, chemical and nuclear warfare, and 
nutrition. Since these are chemical problems, their interest can be used to entice them into taking a' 
chemistry course. 

Only a minimal treatment of atomic structure and bonding is necessary before embarking on exciting 
adventures in the realm of structure-properties relationships. In my book I make a game out of molecular 
architecture by using simple valence rules to construct simple molecules. And a great effort is made to 
reduce the mystifying symbolism that chemists use to terms that can be understood by nonspecialists. 

By approaching chemistry through the students' interest in everyday problems, one induces them to 
apply chemical data and principles to their own life and living. It is necessary to discuss current news items 
m order that these students see that chemistry is alive and well-and relevant more than ever to modern 
living. It is also important to point out that knowledge gained through science increases man's options. 
Whether the knowledge is used for good or evil depends on man's wisdom-not on anything inherent in 
science or its methods. 

It is important in this course that students are not asked to memorize a lot of facts, formulas, and 
equations. The "questions" asked may not have answere. The intent of the course is to stimulate thoiight 
and discussion. Memorized formulas are soon forgotten. Attitudes often last a lifetime. 

By choosing this course, I feel students have indicated that they are not interested in becoming 
chemists. If they should change their minds, they are advised that there are other courses. Recruiting 
majors is not a purpose of my course. 
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For most students it is assumed that this will be the !s'<st chemistry course ihi\t they will ever talte. 
That doesn't mean that they will be through with chemistry. We live in a chemical \^?orld-=a world of drugs, 
biocitles, fertilizers, nerve gases, defoliants, detergents, plastics, and pollutants. To understand that world 
they will need to know some chemistry, and this course is a most important factor in presenting chemistry 
to the public at large. 

We live in rapidly changing times, Indeed, it is said that the only constant thing today is change. 
Mankind faces some of the greatest problems in the history ol^ the species. These problems have no easy 
solutions. Quite often we are faced with great dilemmas-with choices restricted to who is to die-and 
when. Save a few millions now-and imperil the race in the future. Unless one knows what the choices 
arc, how can he choose? And many of the choices involve chemical processes. In fact, most of the prob- 
lems we face are niolecular in nature. And who but the chemist knows about molecules? In this course 
we look at a lot of molecules. And we look at tiiat one great question, "Can man survive?" from a rnole- 
cular point of view. 

Meeting the objectives outlined earlier involves a careful selection of techniques. Extensive use is made 
of visual aids=niovies, film strips, color sli-des, and overhead projection transparencies. For example, in 
presenting the concept of atomic structure I use a tilmstrip, "The Atom," from LIFE magazine and the 
Chem Study tllm, "The Hydrogen Atom." hi presenting the structure/properties relationship in drugs I use 
overhead transparencies. There are plenty of good movies available for this type of course, many for free 
loan. Lists of some that I have found effective are found at the end of each chapter. 

The fomiat of the so-called lecture sections is perhaps best described as a bull session, Small lectures 
are sometimes given in response to student questions. Even in large classes, this m.etliod has been eminently 
successful. / have never learned so much in my life-even a lot of chemistry. Many students, I believe, 
share my learning experience. 

Students are encouraged to bring in newspaper clippings and magazine articles for discussion, Some- 
times these discussions have to be postponed a bit while a little theoretical background is presented, but 
principles discussed in this way are at least presented in response to student questions. 

The number of principles discussed in a course of this type is not great, but we must remember that 
these people will not become chemists. For what will it profit the profession if these students are able to 
repeat a few facts or principles on an exam, but wind up hating and fearini cheniistry? The objectives out- 
lined have been met in my course to a most gratifying extent. Course enrollment has doubled over a two 
year period. Tliat student interest continues after the course is evident from the fact that students have 
joined environmental action groups, collected samples of monitoring of air and water quality, and have 
helped foim and man a "hot line" telephone service for helping other students with dnjg problenis. 
Perhaps most rewarding of all is the fact that students have come by later to say: "I've always hated 
chemistry, but you have turned me around," 

In summary, it is my belief that chemistry can be presented in an interesting and intellectually honest 
form ^0 students'with little background and no peat prior interest in chemistry. A fundamental assump- 
tion in a course of this sort is that it must be different from those taught for science majors. Art, music, 
and literature have been taught for years to the nonpractitioners in separate, different courses, Why not 
try an "appreciation of chemistry" course? A traditional chemistry course, no matter how "watered downr 
can only serve to turn off more non-science students and further widen the gap between the "two cultures." 

The Challenge of Chemistry 
Philip Horrigan 

Southern Connecticut State CoUeie, New Haven, Conn. 

The 29th Two-Year College Chemistry Conference 
The Franklin Institute of Boston, Boston, Mass. 
Friday aftetnoon, April 7, 1972 

Last year I had the honor of addressing the Baltimore meeting of the Two-Year College Chetnistry 
Conference. At that time I discussed how I felt about the teaching of chemistr;^ to the non-science major, 
I emphasized first the importance of this mission. The general public must have more than a "newspaper' 
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knowledge of science so that it can make wise decisions through its representatives on the many scientific 
an.a env.ronmenta' topics that are of great concern to all. Therefore, the presentation of an effective " 
relevant, letamable course in chemistry for the non-science major is in my opinion of more ovemll iinpor- 
tancv than the teachmg of chemistry to the science major. The instructor who bncomcs involved in such 
a course must feel that this is an important mission. On the other hand, if hi.^ iieart i, not Ip it siicee« 
with his class will not be forthcoming. 

I further indicafcd that this eflbn indeed u tv;il cliailengc tor thu- instn.ctor. rhe non-sclL-nce 
ir.jjors although very capable students, generally liave a "bug-a-boo" about science and math They 
i;.;ncrally enter such a course with fear and trepidation and would probably not take the course at all if it 
v^.-rc not reqinred. The type of course that has been gcnerahy presented is of the general rhemislry type- 
V\hi e general chemistry is n tine foundation course for students, who .ni.st take more clieraistrv it cer- 
tainly d,i. not appear to mo to be the proper approach for the terminal non-science student ' " 

.Sinc^- ' ist year I am very pleased to obseiw that numerous scliools and instructors arc now revising 
heir coiirses in keeping with this lin^; of thinking. Moreover, there are a number of new texts appearing 
tiiai are followmg and expanding this trend. 

Today I would like to concentrate on the experimental work that should accompany siicli a course 
aril sure we all are aware that students whether majors or not, gain so much more from a chemistry course 
by being exposed to and involved in corresponding experimental exercises. Furthermore, die student, look 
torward to and enjoy this work. Because of large enrollments and tlie current financial problems inanv 
schools, mcluding my own, cannot provide sut-ficicnt laboratory lacilities. Thereibre. the question is- ' 
shall we eliminate the experimental work and provide only a lecture course? If the answer is "yes " the 
siudents lose a great deal and, moreover, the instructor has a more diiiicult job in presentiu" t lie course 
Many topics can be readily expanded and clarified during lubomlory exercises and in additio'n the lab 
work lends itself to many exam qLiestions which otherwise are a little hard to come by in a descriptive type 
ot course. If the answer is "no" but lab space is not available, what is the alternative? After I describe' 
the subject matter involved in the experiments that I recommend, I will tell you how these sinie expcri= 
ments can be successtully performed in front of a large class with a maximum amount of stud-nt involve- 
ment 



The ti'DCS of exercises should correlate cpiite closely with the subject matter being discussed in lectn-e 
It is a common and legitimate complaint of students, Ijoth majors and non-majors, that what they are doinu 
in lab does not relate at ail to what they are currently learning in class. for the sequence of topics in 
the lecture 1 feel thac, since the discussion of relevant topics can have no rea' depth if the student has not 
learned some chemical principles, then the course must begin with a study of atomic structure bondinn 
naming, formulas, equations, and tlie understanding of chemical reactions. Following this can be any torn- 
bination of applied areas that the particular instructor cares to follow. I find that my students mostly 
enjoy discirssmg water and air pollution, household chemicals, food additives and agricultural chemieals 

tor the pnnciple type of experiments we begin with simple measurement exercises Here the 
student learns about the different basic pieces of glassware and equipnient with which he will be working 
and tie also learns the metric system in a practical way. An experinient on the Bunsen burner and 
nitration teaches the student some common operations. He also learns about combustion, what is meant 
by "solute" and "solvent" ind how to conduct an elementary quantitative analysis-the separation and 
determination of a soluble-insoluble mixture. Another exercise provides insight into physical properties 
Flame tests are observed and correlated with the Bohr theory of the atom; and the measuiement of boi'ung 
points and freezing points of pure water and solutions demonstrates the relationships and transitions of 
solids, liquids, and gases. In preparation for an experiment which will sort out the elements into metals 
and nonmetals and into families, the student learns about acids, bases, and salts. The reactions of acids 
and bases with each other and with indicators are carried out. Also observed is the effect of adding a 
metal to a simple non-oxidizing acid and the replacement of metals with more active metals. In the 
following exercise the student studies a number of elements in terms of their shininess, conductivity, and 
malleability to sort them tentatively into groups of metals and nonnietals. Then, using what has been 
learned about acids and bases the student, observing the acidic or basic nature of a number of oxides, com- 
pletes his sorting and concludes what metallic or nonmetallic trends exist in periods and in chemical families 
This experinient is best appreciated after showing the Chem Study film on the chemical families. For expcr- 
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imental work to accompany bonding we have the class prepare foam ball models of both ionic and covalent 
substances. And to gain insight into bonding in substances, the conductivity of molten solids and solutions 
are recorded, When the topics of chemical reactions and the writing of equations are under discussion in 
lecture, a number of typical ionic reactions are studied in the lab, Neutralization, gas formation, precipi- 
tation, oxidation^reduction are covered, Tite student must be able to write ionic equations for the reactions 
studied. 

For the instructor who believes in the value of qualitative analysis there are five instructive experinients. 
We do only the silver group, alkali-alkaline earth groups and the anions. Tlie H2S groups are purposely 
omitted. 1 feel that enough instructional value in qualitative analysis can be attained in the groups men- 
tioned without exposing the students and the school to the hazard and discomfort of H2S fumes. 

There are two quantrtative analysis experiments which are appUed in nature, and wh ich conveniently 
iiitroduce the concepts of mole and molarity. One is a titrimetric analysis of vinegar and citrus fruit and 
the other is a colorimetric determination of Vitamin B2. As in the qualitative analysis, the student enjoys 
analyzing his own personally coded unknown. He attains an appieciation of the procedures used and errors 
involved in standard quantitative work. The non-science student is particularly interested in the application 
of instrumentation in chemical work. Tlie operation of a colorimeter in a practical analysis is rather exciting 
for this student. 

Introduction to organic chemistry and organic reactions covers three labor«:r'-v periods. Foam ball 
models are used extensively to help the student picture the shapes of molctules, the families of organic 
compounds and how simple reactions take place. Odors and flammabilities are oliser^cd and unknowns are 
determined, ITiese two properties were chosen since the average person should ba aware of ibe fire hazard 
of organics (and other hazards to be discussed in the household chemical eKperinients) and should be alerted 
to the presence of common hazardous organics by their odors. 

Following the organic chemistry exercises are two experiments on polymers. With the aid of foam ball 
rnodjls the student learns what is meant by monomer, dimer, trimtr and polymer. He further learns how 
ceriaJn monomers can yield chain structures (thermoplastics) and others can produce highly interconnected 
Ihree^dimensional structures (thermoset£\ He learns about free radicals, how hydrogen bonding and cham 
shapes affect polymer properties. The student prepares Nylon and Bakelite and observes the differences in 
their properties. 

Finally there are seven experiments on pollution and household chemicals, I am sure you are not sur- 
prised to hear that of all the experiments the class enjoys these the most. They involve topics of very great 
importance to all of us and topics that are not just a current fad. The public must continue to demand 
actio., in these areas to insure health and even survival for our future generations. 

Tilt water pollution studies should be introduced early in the seniester. If the instructor asks the 
students to collect industrial effluent samples to be analyzed later during the actual laboratory experiment, 
he will find that many students are anxious to take action. Further, if the instmctor agrees to report ob- 
vious violations to the U.S. Army Corps of Engineers he will find the class even more eager to cooperate. 
We have operated this way for the last two semesters and have accomplished the cessatJon of pollution of 
a beautiful lake by a plastics firm and the current investigation of a wire mill that continues to pollute 
local river. The analyses performed are fairly simple-they include pH, chloride ion, total solids, total 
acidity, and total alkalinity. A recommended colorimetric kit allows quick and convenient analysis for 
a large number of ions Duch as iron, copper, sulfate, and phosphate. 

The air pollution exercises are equally exciting for the students. A poorly operating burner can 
represent a soot^emitting smoke stack. The solids are drawn in through a lube and collected on a piece 
of filter paper The sration is repeated while the burner is set with an efficient name. The papers are 
compared An inexpensive model of an electrostatic precipitator is then demonstrated by the instructor. 
Acid fumes in the laboratory air are detected by drawing a sample throu^ a solution contammg brom^ 
thymol blue indicator. This indicator turns y.ellow in the presence of acid. 

The next exercise in air pollution is devoted to cigarette smoking. If this experiment is performed 
soon after showing the excellent National Cancer Society film on lung disease it has the greatest impact. 
Total solids (which include tar and nicotine) are determined for various brands of cigarettes and compared 
with published reports. The difference between solids in the first and last quarters of a cigarette is also 
demonstrated. The solids are caught on pre^weighed filter paper. The difference between hnal and mitial 
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weights, on a sensitive balance, pves the total solids values. In *he final portion of the experiment the 
solids absorbed by the lunp of an inhaler are frighteningly demonstrated. The inhaler first blows three 
puffs without inhaling into the "smoking nriachine,'* The filter paper is removed and weighed. Now the 
inhaler blows three puffs after inhaling. If the student delivers consistent size puffs the results show about 
80 per cent retention of solids in the iunp. 

The last three eKercises on houschDld chemicals are designed to give the student insigJit into the 
chemical properties of the componenis of rtrany products commonly found in the average home. The 
hazardous alkalinity of drain cleanen, oven clcuiiers, and detergents is deterniined. The pH, odor, flumma- 
bility, total acidity, and total alkalinity cf a nuriiber of product, that the student is asked to bring to class 
□re detennincd. The student is asked look up ahead of time .he toxicity and other hazardous properties 
ot the ingredients of the products he has selected, jnd is directed to observe the effectiveness or lack of 
effectiveness of the labels on his products. 

At Southern Connecticut State College our enrollments have been so large and our laboratory facilities 
so hmited that we have been forced to provide our laboratory experience in the lecture hall. There is no 
doubt in my mind that the best sort of laboratory experience is the genuine one where the student per- 
forms the operations with his own hands and makes observations with his own eyes. On the other hand, 
there are certain advantages to the lab^ecture procedures which I will describe. The students must come 
to class prepared, just as to an ordinary lab class. The experiment must be read ahead of time, any neces- 
sary outside reading conipleted and, of course, he must bring his lab manual with him. The instructor, 
with the aid of an assistant (which could be a capable student), sets up the operations usually a day in 
advance in a nearby laboratory or prep lOom. Special pieces of equipment, which are more visual or that 
can speed up certain procedures, can be employed. For instance, a digital pH meter is fine for determining 
and concurrently displaying pH of samples. Hot plates, magnetic stirrers, colorimeters, and the like can be 
used to great advantage in front of the class. The operations to be performed in a particular lab-lecture 
must be rehearsed in advance, with the timing being worked out just as in a TV show. One of the advan- 
tages here is that certain tedious operations can be hurried througli or even run ahead of lecture. A student 
in a traditional lab is disenchanted with haying to watch soniething boil or heat for a long time. Interesting 
displays can be arranged on the lecture table to help ainplify and add interest to the topic under considera- 
tion. Students enjoy using foa;Ti ball atomic model kits to make lattices and molecules while the instructor 
builds larger models at the front of the room. I make extensive use of the overhead projector. Previously 
prepared transparencies present the lab subject matter, step by p. Moreover, reproductions of the data 
sheets from the student's manual are projected md filled in as the experiment proceeds. Student volunteers 
are used to help the instnictor run the experirnents at the lecture table. The volunteers make observations 
and relate them to the class. The students enjoy this involvement and applaud each volunteer when he is 
through. Another very distinct advantage to the laWecture is the fact that the instructor is in direct 
contact with the entire class through all the exercijes. He must explain the experiments and tie them in 
with his lectures. For this reason lab topics cannot ''get out of phase'' with the lecture material. This is 
a very common complaint with all sorts of beginning chemistry courses. The slides that I have brought along 
will pvQ you a better idea of how we conduct labs in a large lecture hall. In the last three semesters I have 
used this method to teach almost 1600 students. 

In conclusion, it is becoming evident that the correct way to teach chemistry to the non-science 
major is the non-^mathematical applied approach. Furthermore, in the absence of sufficient laboratory 
space, if the instructor is willing to adopt our lab-lecture procedures, I can guarantee complete success. 



Chemistry for Legislators 

Jack E. Fernandez 

ient. University of South Florida, Tampa, Florida 



Volumes of rhetoric have been produced in the last few years regarding the state of our sc ^-tv in 
general and of higher education in particular. I believe that an apt description of our moment in 
was ^ven about a hundred years ago describing an era in the previous centu^^. 
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It was the best of times, it was the worBt of times, it was the age of wisdom, it was the age of 
fooUshness, it was the epoch of belief, it was the epoch of incredulity, it was the season of Light, 
it was the season of Darkness, it wai the spfing of hope, it was the winter of despair, we had 
everything before us, we had nothing before us, we were all going direc to Heaven, we were all 
going direct the other way-^in short, the period was so far like the present period, th^t some ot 
its noisiest authorities insisted on its being recuived, for good or for evil, in the superhtive degree 
of comparison only. 

VU' quotation, of coune, is troni Dickens" A Tale of Two Cliies, and the time was the period prccL-ding 
tile h'rench Revolution. 

Wc are today truly in a state of revolution in higher education. The list of unsolved problems grows 
every day, and one wonders how and if educational institutions can survive them. Nearly any teacher can 
cite a list of problems as well as their projected solutions. One of the most apparent difficulties is that the 
nature of student bodies and their attitudes have changed dramatically. Tliey are demanding training in 
new fields that did not exist a few years ago; e.g., Oceanography and Environmental Science. They are 
demanding relevance, a vague term to most students, but which I believe means that their studies should 
relate in a practical wiy to the solution of life's problems. Most important of all, students are now 
making their wishes and aspirations known in the form of demands. This new approach has put faculties 
and administrators on edge, has led to extreme reactions in many cases, and to excessive permissiveness m 
others. In addition to these changes in attitudes thure has been the great increase in numbers and social 
origins of students. The number of students in colleges and universities is expected to double in the 
seventies. Moreover, a broader spectrum of social and economic classes is represented among student 
bodies than in earlier times. Certainly, changes in higli3r education must take into account these factors 
as well iu the new and changing needs of society in general. 

My interest here is in the area of chemical education that is complementary to the education of 
chcmists=the education of non-scientists. Since the mass of the population is composed of non-scientists, 
I chose as the title of these remarks "Chemistry for Legislators." In a very real way. the public is a legis- 
lative body. And with the rise in importance of science und technology, and of scientific voices m national 
policy, a concomitant rise has occurred in the concern of the general citizen over matters relating to science. 
One might say that the employment of the fruits of science to national goals is much too important to be 
left to scientists alone, or to an uneducated public. 

Therefore, it is imperative not only to satisfy the desires of non-scientists to learn science; it is man- 
datory that we make science for non-scientists available and palatable to as many people as possible. In 
universities and colleges, this usually means formal courses. I believe, however, that our jobs as scientists 
and engineers will, in" the present decade, reach out beyond the laboratory and classroom. Already for 
several years, the National Science Foundation has had a program to provide funds for the improvement 
of the public understanding of science. The concept of "University without Walls" has emerged at 
Ann. ^h College and Is meeting g-eat enthusiasm. I do not believe that it will be enough simply to speak 
when invited by local civic clubs, instead we must do all that we can to educate the public in the process, 
methods, and goals of ssience as well as in the interrelationship of science and technology. It is important 
to note that this need cannot and should not be met by academic scientists alone. Industrial scientists 
and engineers must also do their part. Moreover, it will probably be more effective to communicate at the 
local level rather than throu^ large, centrally organized channels employing exclusively nationally famous 

personalities. . ui *i, * u . 

Chemical educators have, in the past few years, centered their attention on two problems that have 
become increasingly aggravated. The first is the training of chemists, chemical engineers, and allied profes- 
sionals The second is the science education of non-scientists about which more will be said later. Graduate 
schools have become increasingly guilty of producing Ph.D.'s whose only motivation is research as carried 
out in university research labs yet most of whom will never pursue such basic research. These men otten 
become personnel problems when they arrive on their first industrial job and find that their orientation, 
molded in graduate school, is quite far removed from that of their employer. 
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I believe that uf least part of the problem with graduate education today is betrayed by the frequent 
use of the word rnmiing. Ph.D.'s cannot be trained to do creative science, they can only be trained to 
perform certain techniques. Such training, of course, is necessary but it is not enough. Students must be 
educated so that their talents, abilities, and techniques are developed to the point where they cnn begin to 
do creative work, be it in academic research, teaching, or in industrial research and devclopnient, It is the 
nature ot this education, both in depth and in breadth, that is undergoing close scrutiny in many universities 
today, 

I shall not pursue tins line af argunient further because niy real intent is to focus an the area that is 
coniplenientary to the education of chemists: the educution of non-scicntists. The above comments on 
trainmg chemists are applicable to the subject of chemistry for non-scieiitists because in nearh- all Amcrieun 
colleges and universities the only cheiiiistry courses available as clectivcs for non-science stiuieiils are those 
that are specifically designed to tniiti clieinists. Several polls in our department over the past five years 
have shown that less than one percent of students enrolled in our freshman general chemistry course have 
chosen it as an elective. Thus the rcmuining 99 pcrceru take general chemistry as a prerequisite leading to 
a major in one of the sciences. One of the avowed purposes of general chemistry is the preparation for 
subsequent courses. This results in a great emphasis on manipulative skills, techniques, and drill, as well as 
on a compelling urge to cover all the material necessary for the ne.xt course. Tliis purpose is not compatible 
With the fact that only about 10 percent of our freshman chemistry students are chemistry majors, and of 
the remaining 90 percent, about half will never take any niore chemistry. The obvious solution to this 
state of affairs seems to be the institution of several freshman courses, each with its own goals, 

A recent study by our chemistry fi julty attempted to alleviate these problems of "relevance" and in- 
compatibility in our trcshman course. The result sheds an interesting insiglit into the training process: a 
meeting was held with representatives of departnients that require freshman chemistry of their majora - 
engineering, biology, physics, prcniedical. Our suggestion was to initiate two or more tracks of freshman 
chemistry-one designed specifically for the preparation of professional chemists and engineers, and the 
others designed specifically to do the jobs required by these other departments. The reaction was ov^^r- 
wfielming and negative. All of these representatives felt that the Chemistry majors' course would be more 
ngorous and difficult, and therefore they wanted their majors in it. The distinct impression emerged that 
freshman chemistry was for them less of a necessary background discipline than a device for screening out 
the "inferior" students. We in our pride have for years heartily endorsed our role of executioner. Lhtle 
wonder that non-science students do not study chemistry! 

Getting down to specifics, I would like to discuss some of the things that we are doing in the 
University of South Florida toward the education of the non-scientist. We are developing several courses 
both for chemistry majors and for non-science majors; (I) Historical and Philosophical Perspectives in 
Chemistry, which will be open to non-science students as well as chemistry majors, and which will focus 
on the nature of science and its relation to other forms of human expression; (2) a course called Science, 
Technology, and Freedom, open to all students.which examines the social responsibilities of scientists and 
which involves guest lecturers from departments such as history, humanities, and business, as well as 
science; (3) a course called Modern Chemical Science=CHM 371.' The latter course has been of most 
concern to me over the past few years and is the one that I shall describe brieny here. 

CHM 371 is open to all students and has no prerequisites. The objectives are threefold: 

(1) To provide an understanding of some fundamental ideas of chenristry, the nature of chemical 
knowledge, and the ways it is acquired. Students arc led to realize that chemistry, like all 
sciences, is a human undertaking and not merely the applieation of some sterile "seienrific 
method" to the solurion of problenis. 

(2) To provide the necessary scientific background required of all citizen-legislators. To this end we 
conduct diiicussions on .such topics as federal funding of research, the mutual infiuence of basic 
science and industry, and science and religion; we also have iiwited speakers who are pariicularly 
active in various areas of chemistry. 

(3) To expose chemistry as an aesthetic experience. Chemists, naturally, have a profound interest in 
chemistry. In addition to its being our livelihood, it is a source of intellectual and aesthetic 
pleasure, I believe we are often remiss in not conveying this appreciation of chemistry as a 
beautiful activity not too unlike the arts. One of the aspirations of CHM 371 is to convey to 
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the student the idea that chemical research is an activity which involves personal human creativ- 
ity in much the same way that musical composition does. 
But what do you teach students who will not use chemistry professionally? Do you teach them how 
to balance equations or how to solve problems in stoichiomutry ; or how to solvy equilibrium problems? I 
would answer that none of these techniques is nseful to or relevant for these students. Our goals for these 
students should, I feel, be: (1) an understanding of the basic logic and strategy of chemistry; (2) the scope 
and limitations of chemistry; and (3) its past and present impact on the philosophical foundations of western 
civilization. The means by which we try to achieve these goals are presentee^ in the following paragraphs. 

Most cheniistry courses have evolved into excellent examples of "textbook science": a clear, concise^ 
orderly arrangement of subjects presented in a logical but frequently uninteresting sequence. This approach 
to textbook writing is, of course, necessitated by the enormous quantity of material that most teachers 
want to present. But the result of this approach and its emphasis on broad coverage is the omission of a 
very important aspect of science, and worse than that, the misrepresentation of it. Research does not 
proceed in such an orderly manner. Instead, science develops on many fronts simultaneously often by the 
pursuit of blind alleys, and througli a significant amount of serendipity; it is, as Dn T, F, Fagley has said:^ 

. , a wandering dialogue with the unknown/' Moreover, the motives of scientists vary greatly. There 
are thus two sciences-/e.v /doo^^ science and research science. At the end of a freshm^.n chemistry course, 
students frequently emerge bored and worn down, while the professor emerges with a sense of pride in 
having offered a good, logical, difticult course in an exciting subject. It seems strange that both prot^essor 
and students have been involved in the same activity! 

In CHM 37!, I approach the subject as ''research chemistry'' and try to minimize the ''textbook'' 
approach. This is accomplished by the liberal use of chemical history, not for the sak. of teaching the 
history of chemistry, but for the purpose of examining significant breakthrouglis-how they occurred, what 
else was going on at the time, the impact on science at the time, and the impact on contemporary society, 
i.e., the nature of the total scientific enterprise. Some examples are: 

Ancient concepts of the elements, 

Tile phlogiston theory and its overthrow, 

The development of atomic theory from Dalton to Schrodinger, 

Elucidation of the nature of the atomic nucleus, and 

Molecular Structure and its cheniical consequences. 
Tlie general overriding ideas developed in CHM 371 are: 

I, The relationship between atomic-molecular structure and the observable properties of matter- 
the concept of the molecule. 

\l The nature of chemical change-r/ie concept of the chemical reaction. 
Wherever possible ori^nal papers are assigned. Examples of papers by Rutherford, Thompson, the 
Curies, and G. N. Lewis can be found that are quite readable for these students. Through them, they 
gain the flavor of the work and times. 

Perhaps what I am trying to teach them is exemplified by this proposition: Dalton knew less chemistry 
than our freshmen. But he knew something that they do not know: he knew how to do science. What is the 
nature of this activity? An insight into the answer was given by Albert Szent-Gyorgy : **Research is to see 
what everyone else has seen, and to think what no one else has thou^t." 

John Baxter of the University of Florida some time ago formulated "Baxter's Law: All educational 
experinients work/' The reaion, of course, is that the experimenter (teacher) is enthusiastic and sincere, 
and through his concern for the experiment and students, makes it work. I propose a corollary to Baxter's 
Law: -'The only way to change a curriculum is to change the faculty.'' The reason for this is simply that 
professors will teach what they believe to be important regardless of course titles and descriptions. By 
changing the faculty, I mean causing faculty views and orientations to change. 

There is a premise which is accepted as if it were another natural law of education: "What cannot 
be tested must not be taught." Both professors and students sense this; so, whenever a professor is 
tempted to digress into an interesting and important, but untestable area, he thinks twice, and, more often 
than not, returns instead to his lecture notes and to what will appear on the next test. I believe that this 
tendency must be resisted if real relevance is to be achieved in the teaching of chemistry to non-scientists. 
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Topics such as the social responsibility of scientists, the interactions between science and religion, and re- 
search funding should be discussed. Discussions of such topics are also excellent means of impressing upon 
students the importance of an underetanding of the scientific facts, ideas, and concepts to the rational 
discussion of such topics. 

While proselytizing is not an objective of the course, several students have, as a result of CHM 371, 
changed their majors to chemiitry. In doing so, they must begin from scratch with freshman chemistry. 
These students hrve told me that CHM 371 provided an excellent background to freshman chemistry nnd 
£ en to more advanced courses; i.e., they knew why topics were being presented and where they were 
leading. It seems that CHM 371 served to '*turn them on" to chemistry and its challenges. 

This brings me to my final point: perhaps freshman chemistry can be restructured more along the lines 
explored in CHM 371 ; i,e., by emphasizing the more dynamic aspects of chemistry even at the expense of 
organization. In recent years, the high schools have provided better and better chemistry courses. Our 
response has been to raise the level of freshman chemistry until it is now physical chemistry at the freshman 
leveL Many freshman texts are now written which presuppose a knowledge of calculus and physics! 

Perhaps the freshman chemistry course should be changed away from the quantitative physical approach 
toward the more experimenlal, descriptive, human approach by which the science actually develops. Per- 
haps then can we taily be^n to educate as well as train chemists; perhaps then we can begin to entice 
non-science majors into our courses; and perhaps then we may bepn to communicate with the non-scientists 
who are, after all, our patrons. 

U.E. Fernandez, ''A Relevant Liberal Arts Chemistry Course,'' Journal of Chemtcal Education 47, 
624 (1970). 

^T.R Fagley, ^'Chemistry and the University,'' The Chemists July, 1971, pp. 17N77, 



SALVATION FOR THE NON-SCIENCE MAJOR 
WILLIAM A. NEVILL 

LU.-P.U.L Indianapolis, Ind, 

The Twanty^Eighth Two-Year Colleie Chemisto^ Conference 
December 4, 1971, San Antonio College, San Anionio, Texas 

Many of us are dismayed by a society which is enjoying the fruits of science and technology to an 
extent greater than at any other time in history yet remains in its thinking essentially non-scientific and, 
in some cases, actually anti^scientific. The recent upsurge in followers of astrology and witchcraft can 
hardly stand as a monument to such noble efforts as the Chemical Bond Approach and Chem-Study. We 
wring our collective hands and ask, ''Wiere have we failed?" 

We are not unlike the kindergarten teacher who told a student that if he had to go to the bathroom 
he should raise his hand. His face took on a most puzzled look, and he asked, **But, Miss Murdock, how 
will that help?" Clearly, she had not communicated her intended message! Nor, I fear, have we been 
able to communicate the basic cuncepts of our faith to these unscientific pagans. Where, then, is the 
salvation for these souls who fail to appreciate a real-world view of life? 

At least for the material portion of the real world, your Education Division's Curriculum Committee 
feels that for the non-science major there should be a shift in emphasis from atoms to attitudes and from 
molecules to methods. Is it more important for a history major to be able to balance a redox equation 
or to understand the problems associated with burning of high sulfur content coal? Note quickly please 
that to truly understand the latter the student must have some acquaintance with the former. 

We have come to the conclusion that it is not the content that is important, but the broad principles 
learned. If content is not the focus, what educational objectives can be developed for a non^major course? 
Our committee lists five in their 1970 Journal of Chemical Education report (47, 157, 1970): 

L To appreciate the scientific method, 

2. To realize ignirmnce of science in our society. 

3, To see the beauty in science, g ^ 
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4, To free the mind for imaginative thinking. 

5, To develop the facility for critical and unbiased observation. 

Clearly, such goals are desirable, but unless these goals can be converted into efrective procedures to 
nchicve them, they remain mere statements. 

This conversion process begins by noting that our goals are statements of attitude an^i skills which 
we hope to develop within the student. If our premise is that attitudes innuence the behavior of a 
person, then we must be able to translate these goals into observable behavior of the student. For ux^ 
ample, by a student's behavior in response to a particular task we give him. we should he able to observe 
if he apj'reciates the working of the scientific method. By his behavior we need to be able to observe 
that he really does see beauty in things which are scientific. 

Our committee has developed a resource pool of a large number of specific performance objectives. 
We feel strongly that the key to a successful course for the non-major is that a mature teacher design 
the course around his own enthusiasm and expertise and according to the needs of his students. Thus, 
rather than prescribe performance objectives which all must follow, we provide a pnol of objectives 
from which the teacher may choose according to his own unique situation, in addition, we suggest ccrtam 
instructional objectives as guidel nes to the construction of his course. 

These guidelines are in the first rough draft form and will be refined but the following examples will 
demonstrate their llavor: 

L The instructor shall present characteristics, advantages and disadvantages of conceptual and physical 
models and of theories in chemistry, and shall illustrate them through detailed cKamination of 
examples, 

2. The instructor shall present for critical examination both the need for efficient communication 
in chemistry and the means available for achieving it. 

3. The instructor shall provide opportunities during the course to insure that each student has had 
hands-on experience with liquids, solids and gases undergoing chemical transformations. 

A particular instructor using these guidelines miglit choose from the resource pool the tbilowing perfornv 
ance objectives: 

L The student shall select one model used by chemists and specify four advantages and four disad- 
vantages of the modeL 

2, Tlie student shall state one example where the lack of efficient comnumication delayed a specific 
chemical discovery and identily the means now available which would have nullified the delay if 
it had been present previously, 

3, The student shall prepare and isolate a compound from aqueous solutions of salts containing the 
requisite ions. 

Obviously, these performance objectives need to be organized into a rational whole which v^e identify as 
the course for non-scientists. Later this morning I will show you how such a course can be built from a 
skelc m based on the three conceptual models of: the atom, the molecule, and the states of matter and 
the three present concerns of: the effect of science on man. the effect of science on the individual, and 
the effect of science on the environment. 

To summarize, our strategy has been to develop a basic design of just what we wish to communicate 
to the student (educ:>tion3l goals). Then we develop u means by which we can evaluate the process (per- 
formance objectives), and finally we package the subject matter in convenient units based on some rationale 
(course skeleton). In the past the convenient units were textbook chapters and we were at the mercy of 
the author^s educational goals. Rarely were performance objectives recognized in the collection of problems 
which may have followed each chapter. 

The multimedia approach to learning has mad^ the printed word only one means to assist the student 
in his learning. Our ''convenient units'' can now become 'Mearning modules/' each- one designed at the 
will of the instructor and collected together to meet the specific needs of his students. The Division has 
placed one plan for the development of such modules before the National Science Foundation, This 
project is termed CAUSS--Chemistry, an Approach to Understanding Science in Society, 

The CAUSS project is directed by Dr, William Cook, who was aided in the proposal by an Advisory 
Council of 21 members, headed by Dr. Calvin Vander Wcrf, We proposed a new Chemistry program for 
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the general student in secondary schools and college. The program will include: 

1. The development of modular units, complete with all written experimental and audiovisual 
study materials and teacher guides, and supplemental kits and packets to enhance group work 
and encourage independent study. 
1 Constant testing and evaluation of all materials from cognitive, affective and psychomotor 
standpomts, followed by revising, rewriting and retestlng. 

3. Ever-broadening teacher training, not only in the use of the materials but in molding the atti^ 
tudes and styles winch make a wholesonie learninrteaching situation in n promm of this type 

4. Contuiuous communication with teachers' groups, teachers, and administrators across the nation 
informing them of the philosophy, goals, progress, available materials, teacher opportunities and 
practical methods for the Introduction of tlie new program. 

The project will have a central staff with an Advisory Board, but the real work will be at the grass^ 
roots level. About six Regional Centers will be established, perhaps four at universities for work with ^ 
secondary schools and two at two-year colleges. Regional Directors at these centers will work closely 
with a cluster of area Iiigli schools and their other collcaguos to supeivise the writing and evaluation of 
modules. Overseeing this operation on the central staff would be an Associate Director. Dr James 
DeRose has been asked to serve in this position. 

Material generated at the Regional Centers would be submitted to the two other members of the 
central statf: the Wnter-Editor and the Director of Audio= Visual Aids, Dr. Wendell Slabaugh has been 
asked to be Writer-Editor, He would also edit a Newsletter to enable the general educational community 
to keep pace with CAUSS developments. 

^ We are hopeful that CAUSS will reverse the apparent production of general students who arc 

turned off ' to science. But we al-so wish to recover a portion of the public who are either neutral or 
negative toward science. The thrust here is in the form of another proposal on the Public Understanding 
ol bcience. It hfs three mam attacks: 1) aduU continuing education, 2) sixty-second T V "spots" and 
3) a "mobile ministry," "Science-on-the-Movc." 

The continuing education portion of this proj. ci would be designed to appeal to the interests and 
needs of political leaders and public policy decision-makers at all levels of government. While sponsored 
by the Division, the programs would be interdisciplinary and coordinated with other scientific organiza' 
tions and established at institutions with ongoing continuing education commitments. 

The minute-long T.V. spots would focus on a single aspect of science. Some idea of nature of the 
beauty and problems of science can be made to fit into just sixty seconds. Obviously this will take 
great skill and imagination. Tlie fact that under FCC regulations free time is available from the networks 
for telecasting these spots, the wide audience that can be reached and the potential value of the spots to 
call attention to longer programs of scientific value hoped to be aired on T.V., all make this project ex- 
tremely worthwhile. 

To reach the public when they venture away from the T.V. "The Science on the Move" program 
plans to visit State and National Parks in mobile vans to demonstrate how science and technology interact 
with society. Under my direction we hope to have a pilot project in operation next summer. Each van 
will be equipped with five Topic Packages, each topic package consisting of three parts; a motivational 
unit, teaching links, and a layman's library. Tlie topics of the motivational units will be of current popu- 
lar interest such as drug abuse, overpopulation, pollution, technological advances in the "world of tomor- 
row" and scientific behavior. These units will probably be 20-30 minute color films. The teaching 
links, serving to expand concepts presented in the motivational units, will consist of film loops, audio- 
tutorials and/or laboratory demonstrations. The teaching links will provide the learning bridge 'between 
the motivational unit and the lay hbrary. This library will consist of paperbacks with the option avail- 
able to the visitor to purchase books. (This makes it unnecessary to have a loan system.) Some library 
materials will be on reserve for reading only in the library. 

It is planned that the mobile van will spend about a week at each site with a different motivational 
unit being presented each night. The presentation will be followed by a discussion led by the touring 
scientist. A "Science Action Center," a side room adjacent to the van, will contain the teaching links 
and the lay hbrary. This Center will be open, under the supen^ision of the scientist, after each evening 
presentation and during the quiet hours of most campuses (10 am to 2 pm). 
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I hope you will agree with me that we are on our way toward revitalizing our message to the non- 
scientist-be he student or a member of the general public, I sense an evangelistic spirit afoot among 
my colleagues. This new surge of interest and effort in behalf of our unscientiflc heathen may not turn 
out to be their scientific salvation but at least I hope for a giant step out of their purgatory of astrology 
and witchcraft. 



INDUSTRIAL REACTION TO CHEMICAL TECHNOLOGY PROGRAMS 

William M. Haynes, Ph.D. 
Central Research Department, Monsanto Company 

After looking over the Junior College District literature on Chemical Technology, I realized that 
chemical technology programs are not in the planning stages but are ongoing operations with students 
aliuady enrolled. Thus, I think it would be appropriate to comment on what I believe will be necessary 
to make Chem-Tech programs successful. 

Industry produces a product which it advertises and then hopefully sells to customers, I view the 
chem tech program in somewhat the same light. Let us look at this viewpoint further. Your induitry 
also has a "product," that is, chemical technicians. As in most cases, this "product must sell itself as 
well as its producers as competent suppliers. In other words, you chemical technicians must be quality 
graduates in order for your program to be successful. 

Wiiat -^re some of the ways to insure quality of products? t. i ^ 

1 Starting with the source of your raw materials (students), you should educate hi^ school and 
college counselors to the opportunities available in this program. Although candidates for caree^ in 
chemical technology are usually in the middle half of their high school graduating class, it should be 
-tressed that this program is not a catch-all for Lncompetents or persons who are in no way qualified to 
be in college. Also, professors in this "industry" are obligated to produce a good ' product by selecting 
and passing only those persons capable of handling the job. in most cases it may not be possib e to 
select the students beginning in the program, but it is within your control to determine which students 
complete the program. Resist the temptation to carry 15 out of 15 students just to make th^ P^Pam 
appear successful. If these people are not successful in their jobs, then your product has failed the 

market test. ' , . ^ , ^ t u tu^ 

2 A good curriculum is necessary to produce quality technicians. From what I have seen ol the 
course' content offered at the Junior College District, the students should have an excellent education 

in chemical technology. I would suggest that you consider inviting possible employers (Manage^) to pve 
seminars describing working situationi and what they expect of their technicians. This would also serve as 
advertising for your "product" in that these managers would become familiar with your progr^am. 

3 Many companies (particulariy research organizations) stress the need for continumg education by 
having' the employees attend college at night. Even though the two-year program is not designed to be 
directly transferable to a four-year (BS) program in chemistry, your graduates should be made aware that 
the training they have received as chemical technicians will be useful if they choose to get the BS degree. 

4 After a period of time, follow up on your graduates by contacting them for suggestions on areas 
which 'they feel need improvement in your program. This may be your most valuable feedback. The 
employer can also provide insight into the effectiveness of your instruction, 

5. Keep the program viable by being wUUng to introduce new technology into the program as it is 
developed by Industry and the sciences, ^ , n 

1 am sure that there are many other suggestions that could be listed to make your industry success- 
ful but I believe the main emphasis should be on the quality of your "product." 

Your program must produce chemical technicians who can function with minimum^ supervision and 
mth little on-the-job training. Otherwise, there is no advantage in hiring them over high school graduates 
who can be trained on the job. 
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ACOMJAiaSON OFTIIE TbADTIONAI. CHEMICAL TBCHNOLOGY PROCMM 

THE CHEMtmC PKOCRAM 



Rany q, Rajtm 
Rhode Island Junior Collage 
providence, ^odi Island 

Preseftted It tie 39th r-wo-Tfear CoUi^ Chemistry Cdfltereti^ 
TliB FiinJdiii Inatitnti <?f Bostpii, Boston, Was, 
G«newl session, Siturday wcmiiil, ApiUB, 1972 

Biforg jresinting a cornpariioii of the two approaches, I tJiinlc it Is necessay to make a few intro- 
ductory rimarks of ccncern related to cheniiqal t«chfl^ 

First and forejnost, cheUical techJiology piommit s&etn to lis In tremble, It Is not a lecret ttat 
commuriity colleges and two-year technical institutes are suspending chemi&al technolo^ progranis 
because of the laci of enroUmeiit, -would fe«| tftit tscauso chemical techfiolcgy prcgrams have 
h&m offered for fcrty some odd years that the in-put of students shoWd not be a problem, Obvlouily, 
this IS not tjue. ITie jroljlen of lew student enroiintent is eeneraUy so prevuent that recently the 
Mational Science Poufidatioii "Teclinical Ediicatioii Developiiient Piop'anii" grant evaluatioii commit- 
tee has rejected all chemical teclinology proposals, fliey maintain that the chemical Indtistry voices 
defp concern over the shortage of teclinicians' that tUroiiihout the cotinfty ve^ well established chem- 
ical techiiolo^ projrams exist, tut they do not ujdeJStaiid why sttidents frctn high schools do not 
choose tc pursue a caieer in the area. This srand statenient on the part of mt is old n«ws to any 
teacher of diemlstiy in the area of eheitiical technolofiy. I ham been active in the area for the past 
six years, and every conferenee 1 have ever attended always disctisses the point of lecmitment at 
great lenfith. What is the answei? 1 dcn^t think tliere is any orie solution, I'u comp back to this area 
of discusiion a little later. 

TTie ^nierican Chemical Society office of education Usts wrfle 20O schools at loth tlie four-year 
and two-year le-vels that either offer chemical technology prosrams or show an interest in starting one. 
The most reliable snrveys show thai approxiniately %$ schools are actively engaged in cheniical tech- 
noloo' prograins. 

Of these 85 schools 12 are pilot scliools that have teem using ChemTeC materials for th* past two 
years. It will be to these last two that we shaU diiect our reinarls of cowpariion. 

Wlit I would Uke to do is cornpare tfte course offerings of a traditional prograni and one from a 
CheniTeC pilot schcol, Beth pro^ams that vlU be iuustrated ar« t^^o-j'ear slate colleges that award an 
associate in applied sciences degree in a career-orieiited chemical technoloft^ Jrogram. 

In ejcamlnini the course offerinss, We wUl consider the areas of chemistry? offetinfis, raatiieniatici 
aid physics. The aieas of liberal arts and social studies etc, ■will not be considered because accrediting 
todies in different jar*s of the country wiU differ witn respect to these last inetitioned areas. 

1. Th chewislry offerini from the tfadiHonal prograni is listed as 5 hours lecture and 4 hours of 
la*. We can assume from the designated hcurs that tlie tlrust of this beginning cJiemistry offer- 
ini is heavy in thecry. 

nie ChemTeC approach lists 2 hours of lecture and S hours of lai for the couiie listed as 
CheinTeCl. A-t RJJC this total of lOhounis scheduled in 3 blocks of time. A typical 
sclieduling scheine wotild be 2 3>.hour blocks and 1 4-hour block, for a total of 10 hours. 
These blocks of time allow a maxirnuin flixibility -witli respect to lecture and lab. Hiis would 
allow an instmctor to spend as much time m m experiment as would be necessary. The lab 
could be preceeded or followed by a discussion of underlying concepts. 

2. The tiaditiojial approach lists calculus as the required course in mathematics, I don't think I 
need to expand on the problems that a stuclent encounters in trying to deal ^vith this major 
stumbling blocls in a chemical technology progfam- 

The CheniTeC approach at RlJCis Veiy flexLible ^ith respect to Its math reauirenicnts, If a student 
liable to handle a rigorous course such as calculus and has the pre-re*qulsitei, he is allowed to pureue 
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such a course. If not, the mininium requiiements for the AAS depee is a basic technical math coiise, 
that does not include calculus. W§ find an average student is able to handle this course. In cases 
where the itudent can handle only Algebra I and II, we allovv tham to enter the propani as a diploma 
student rather than a de^ee candid te. We have found that when the presiure of math requirements 
are niinirTial, the student shows greater success in the chemlitiy arid other subjects, 

3, IHie physici course ii offered by both approaches. In most traditional programs, this course is 
again theoretically oriented wth emphasis on sophisticated matheinatical computations. 

TTie ChemTeC at RIJC has desipied a physics course that includes thoie topics which 
augment the underlying physical principki in the chenilstiy laboratory. TTie math is kept 
minimal and the thrust of the coune is conceptual. 
I thought that a look at the first two yeai^ of a BS pros:ani mi^t be interesting at this point. 
The similarity of Chemistry and math offerings between the BS program and the traditional pro- 
grain are striking. The physics offering in the BS propam appears In the sophomore year where in 
the traditional chemical technology program it appears in the firat year and the second semester of 
the second year. 

Now that \ve have looked at the course offering from the two approaches I would like to make 
some remarks conceniing what we might expect as an end product. 

Bob Hofstader of Esso Research cited a case history that relates in a very informative way as to 
what could happen to students of Chemical Technology, A few yean ago Esso Research in Linden^ 
New Jersey, hired a group of fifteen laboratoi^ technicians for summer work from local schools. The 
itudents were looking for on-the-job summer training and, of course, the company was looking to the 
time when these students would be graduating from their respective schools and would become appli- 
cants for full-time technician positions. A.t the end of the summer, the professional chemists at Esso 
made their recommendations purely on the functional aspecti of technicians and how they worked 
out in their ©"oups. The following year when recruiting time came Esso went to the local schools 
looking for the five top-ranked students (top ranked with respect to Esso's evaluation not an academic 
evaluatiDn ). To the dismay of the company, three of these five had flunked out. A fourth was not 
interested, and the fifth had transferred to a four-year college. 

The fact that three of the top five flunked out points out a hard fact. Industry ranked them 
high as technician candidates because of the abilities in the lab; and, apparently, the academic lubjects 
which were probably theoretical in content cashed them out. 

The traditional approach to the chemist^ seems to divorce the lecture courses from the labcratoo^ 
work. This is always a problem in the minds of the instmctors, and is mulled over at the end of the 
year whan new texts and laboratory manuals are discussed for possible adoption for the next year. 
Unfortunately, most chemistry texts and lab manuals used by two-year college chemical technology 
course, are written for the student that will be going on to the BS rather than for chemical technology. 
The ChemTeC materials were written with the objective of integrating the laboratory into the lecture. 
Therefore, the concepts as presented flow from the lab to the lecture rather than the other way around 

The traditional approach to the chemistry is one of sub=disciplines. This is very similar in approaches 
to that of a BS program which is geared to prepare the professional chemist or chemical engineer* 
Because of this basic similarity, the few sugcessful chemical technology students automatically transfer to 
four-year schools. Those who fail in this endeavor become technicians. The ChemTeC approach is 
atternptlng to erase the stigma attached to traditional propams as being ''watered-down" offerings 
from a four-year propam. The ChemTeC concept is one of approaching a different group of students 
with a different kind of chemistry. 'Hie poup involved with assembling and writing the ChemTeC 
materials for the past two years spent considerable time in evaluating the kinds of things that a technician 
would be doing on the job. Once this defmition of a technician was obtained, then this different kind of 
curriculum could be launched, 

The technician is an individual who is oriented in applications in the laboratory. To this person the 
science of chemistry is a tool which makes him an effective and efficient part of a team of workers in the 
laboratory. Using this basic deflnition as a guide, we can then surmise that a chemical technician cannot 
be proparly trained in a "watered-down" BS pro^^am, or In fact, be a drop-out from BS program, which 
for the most part are not lab oriented. 
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Because the Uimst of the information deals heavily in the laboratory, the CheniTeC approach 
deals with the chemistry through experimentation using an underlying theme or concept approach. The 
laboratory is used to teach the basic chemical or physical concepts. For example, the "first major concept, 
that of punty," is presented in a novel fashion. The student first separates out the components of 
washable inks using paper chromatography. Once the concepts of purity and chromatography have been 
discussed, the student is next introduced to the gas chromatograph as a sophisticated instrument for 
separations. These first few sets of experiments that are done by the students as their first exposure to 
chemistty in the laboratory are not only meaningful, but just as important to beginning students they 
capture their imapnation. 

This basic philosophy is the thread of the ChemTeC textural and laboratory work as I see it 
In the sophomore year the ChemTeC III and IV offerings at RIJC show an 1 S-hour-a-week involve^ 
ment on the student's part. The large blocics of time assigned to the chemistry allow for even more 
nexibihty thaii the freshman year's work. We use the time in many ways. Besides the regular labora- 
tory work, some of these are: 



1, 
2. 

3, 

4. 
5. 



Field trips to industrial chemistry plants. 
Guest spealcers from industry. 
Discussion of pTacticing safety in the lab, 
is extensively used here.) 
Discussions on how to interview for jobs. 
Working on special projects. 



(Tiie ChemTeC volume called 'Technician Guide Book" 



Before concluding this talk, I will, as earlier proinised, return to the discussion of recruitment of new 
students . I must say that I personally find it much more rewarding in recruiting students through the 
ChemTeC approach than in the traditional. I say this from experience because prior to our involvement 
as a pilot school, we were traditional. 

The major argument against the traditional program that I constantly encountered from guidance 
counselors and cheniistry teachers was: "This course looks suspiciously like the more difficult chemistiy 
programs at four=year institutions. If we send you our poorer students, they won't succeed; and why 
should we send our better students to a "watered-down" program when they will be better off in a four- 
year professional chemists program?" 

The ChemTeC offering is a different one designed for students graduating in the middle of the class 
If a student has the ability to work with his hands and mind, if he has always wanted to work in a labora- 
tory situation but was always turned away because of not being able to handle the formidable cumculum 
If he IS motivated, then this is the student we seek. This ChemTeC offering will prepare the professional ' 
technician who will work as a part of a team that solves chemical problems. TTie fact that we are talking 
about the practical laboratory-oriented program opens the door to a whole new spectrum of possible 
applicants. " *^ 



Typical rraditlonal 
Chemical Technology 



Lect. Lab Credits 



Typical ChemTeC 
Chemical Technology 



Lect. Lab Credits 



1 St Vear 1st Semester 
3 



Gen. Chem. I 
Intro, to Cal. 
Phy. Elect. 

light mag. 
English 



4 
4 

5 
3 



5 
3 

6 
6 



1st Year 1st Semester 

ChemTeC 12 8 6 
App. Tech. 

Math 4-3 
Tech, Physics for 

ChemTeC 3 2 4 
13=3 
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'Epical Traditional 

Chgniicid Tichnoloa^ (cont'd.) 



Typlcil ChemTaC 

Chemical Tichnology (Gont*d,) 



Lact* Lab Credits 

1st Year 2nd Semister 

Org, Oiam 14 3 5 

^al, Qiem* 3 6 3 
Calc. I 4^5 
Physics- 
Machos heat, 

sound 5 2 5 
Eng. II 3-^6 

2nd Year 1st Semeitar 

Org. Qiam, 

II 4 6 5 

And. Cham, 

II 3 6 6 

Phy. diem. 

I 3-^6 
Calc. 11 3-^6 
En^sh 

Rpt Wrt. 3 - 4 

2nd Semaster 



Org. Qiem. 



II 


1 


5 


3 


Phy. Chem. 








II 


4 


3 


5 


Instru. 








And. 


3 


6 


3 


Calc. HI 


3 




6 


Nuc. Phy. 


3 




6 


EndJsh 


2 




4 



Lect. Lab Credits 

1st Year 2nd Semester 

ChemTeCII 2 8 6 
App. Tech. 

Math II 4 - 3 
Tech. Hiyslcs for 

ChemTeC 3 2 4 

Elective 3 — 3 

2nd Year 1st Semeiter 

ChemTeC III 6 12 12 
Elective 3 — 3 

2nd Year 2nd Semester 

ChemTecIV 6 12 12 
Elective 3—3 



COMPARISON OF TRAIWNG CH^ICAL 
TECHNICIANS IN INDUSTRY AND COLLEGE 
Donald A. Kejrworth 
Maniger of Acetylenics Research 
Intermediates Division, Tenneco Chemicals, Inc. 

In any comparison of the differences in methods of training of chemical technicians by industry and by 
the college, it Is important to note that until quite recently very few colleges offered programs for people 
mainly interested in becoming chemical technicians. For years, therefore, induitry has been forced to train 
the technicians to meet their needs. The kinds of chemical technicians used in Industry can be divided into 

three main claMes: . t j %u 

1. Quality control laboratory technicians are primarily needed to perform analyses associated with 
plant production. These technicians perform routine tasks and may be quite versatile in that their 
work requires familiarization with instrumtntal and chemical procedures, or it may be quite rou- 
tine and repetitive involving only a few well-defined test procedures. 
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nf 1 technicians norm^ly work under the supervision of research chemists, depending on the nature 
of the research. Tlie work these technicians do may be quite routine or it may be exceedingy diverse 
uperations common to organic or inorganic synthesis may be required and these technicians for 
example may perform high pressure reactions, vacuum distillations, use cryoscoplc technology and 
be called upon for the handling of sensitive materials whose properties may be largely unknown 
3. Pdo p an technicians are used by companies who use technicians to operate or construct and modify 
pilot p ants, especially in the earliest stages of development of new processes. Pilot plants may be 
under the direction of R & D, and are generally supemsed by shift supeirisors or chemical engineers 
In any review which attempts to consider the differences between the training that technicians receive ' 
ma CO lege compared with that received in industry and on-the-job, the single overriding factor is thatvirtualiy 
no colleges were offenng training propams for chemical technicians until quite recently. Many jun or Alleges 
have offered a degree, such as the Associate In Science degree which could be obtained after two yeai^ of 
full-time course load m the junior college, or after two years in a four-year (feeder) college. Feeder colleges 
offer Bachek^rs degrees and these colleges provided most of the candidates for the advanced degre/proffa^s 
offered at the major universities. TTie Associate in Science degree tended to be regarded as a stepping sSne 

leftX ' .H ' ' M ^""'"'"^ f°"^->^«" ^'^^^ ^°"«8e program. Traditionally^ people 

eft the academic woi« after two years with the Associate in Science degree either because of flnandLfpr^- 
lems, pwsonal demands on their time such as marriage, lack of ability, or boredom with the program It was 

Llhnt I^u '"r " """''^ ''"^^'^ '^"*«^^ attempting to train men to be chemical 

technicians, and therefore assumed this responsibility during the war years and the yean of the present war 
economy which followed. The pressures on American chemical technology to solve nationally important 
problems were veiy great. In order to supply a sufficient number of technicians during that period many 
mdustnal companies hired bachelor degree chemists to do technician's jobs. Indeed, some companies hired 
H1.D. and Masters degree chemists to do technician jobs, using the argument that thoy could afford to pay 
tt^e rdatively modest difference in salaries to obtain the vety best people to support their technical programs. 
Most managers of chemical laboratories discovered that degree chemists made poor technicians. The sort of 
attitude which made a man a good student and a scientist Is not necessarily advantageous to the chemical 
echnican ^e best^che^ical technicians have a natural capability of doing experimental work. They like 
to assemble thmp,^they have an insight into how things work, and they have manual dexterity. Chemical 
technicans of the best sort are extremely bright and often the Intellectual equal of their supervising chemists 
^^'T '"T""''' by academic programs involving large amounS 

in^te "huL'n^? ''^'^^ '^^^'^ long college programs with many classes 

fr... S T P^''"^' 80^«"^'nent. English literature, speech, and drama. 
It IS tme that although exceptions to such a generalization exist, it has been my experience that the best 
technicians are very lab-oriented and bored by too much formal mathematics, reading, and writing WhUe 
development of such interests might enhance the value of a technician, this point about the practical lab- 
onent^ nature of a techniciw, must be kept in mind as you compare the Associate in Science degree training 
with that received on the job In industries for chemical technicians. - 
About five years ago, a number of articles appeared in popular magazines and newspapers expre^ing 
grave concern for the future of American chemical technology because of the great shortage of chemical 
technicians. Many institutions such as the American Chemical Society, National Science Foundation 
and groups associated with employment of the economically disadvantaged began to seriously try to ' 
formulate programs geared directly to the training of students to be chemical technicians A ChemTeC 
pro-am was devised and jointly sponsored by the NSF and ACS. With some brilliant directing and dedi- 
cated participation of educatore, managers, and Industrial advisors, some serious questions were effectively 
dealt with and some real progress resulted. Such questions Included: mat defines a chemical technician^ 
What matenal should he be taught in a college so that upon graduation the candidate could be considered 
a chemical technician? Of what duration should such a program be? As a result of the ChemTeC efforts 
pilot schools were established, which offered programs using the materials generated by the ChemTeC ' 
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project. More than 10 volumes of printed material to be taught in these schools was written, re-written, 
edited, and revised still again. It will probably be difficult to significantly Improve upon that part of the 
ChemTeC project in the matter of providing colleges with suitable training material. I would, however, 
make one criticism: there is too much written material and the selection of what is required is left to the 
instructor. Most instructors feel inadequate in making selections from all this material and simply start at 
the be^nning and proceed as far as they can. 

In my company, we have attempted to supplement on-the-job training and to extend the background 
of some of our technicians by small classroom type sessions, using this ChemTeC material. This training 
program included approximately two hours of semi-fonnal classroom training. Chemists or shift super- 
visors were used as instructors. The maximum class size was rive technicians. The program has been con- 
tinued more than a year. While this prograni was not under my direct supervision, I followed the results 
of it with peat interest. Undoubtedly, technicians learned a great deal from the program. However, we 
too made the mistake of not selecting material to be taught, and simply started at the beginning and went 
as far as we could. We have just recently discontinued this program temporarily because of apathy on the 
part of the teclinicians. Should other companies consider such a program, I would strongly recommend 
that the technicians be allowed to select, from the ChemTeC material, the subjects which interest them, 
and that this selection should be reviewed by a manager of the training program, and reduced to a time- 
table not to exceed one year, using a two-hour-a-week classroom period. 

To bring our story up to date, the situation of the chemical industry, and indeed of the manufac- 
turing industry, has changed drastically in the last few years. The chemical industry is facing a situation 
of over-supply of chemists for the first time in recent memory. The chemical industry is not expanding 
very rapidly ; while more is being produced than ever before, it is being sold at a lower price, and at a 
lower profit. It is difficult to attract new capital for expansion of the chemical industry because the 
return on investment characteristically has not exceeded 5% recently. The chemical industry will need 
the very best cost controls, management techniques, and imaginative engineers and scientists, and intelli- 
gent and enlightened governmental policies to overcome this present decline in profit and the attendant 
decline in new nianpower needs. Tliese situations affect directly the efforts of colleges to attract candi- 
dates to their newly devised chemical technology programs. The industry is simply not hiring very many 
people. 

I would like to focus in more detail on the manpower makeup of the technician's world and its 
economic facts of life. In our company, and I believe in many other companies, we will prefer now to 
fill a new technician vacancy with a man who wants to be a chemical technician and has had training 
from the new college programs. We have in our control laboratory about five technicians for every super- 
visor. In our R & D group, we have about one technician for every chemist. Starting wages for techni- 
cians in our geographic area range from $750 to S800 per month. After about one year of on-the-job 
trail ng, the newly hired man normally advances from a trainee to an assistant technician. After another 
year he becomes a technician and is receiving wages in excess of $850 per month. In addition to wages, 
the company pays him an additional 10-20% of his wages into benefit programs for insurance and retire- 
ment. The technician does not have, in a certain sense, the potential for advancement of the bachelors 
degree man. However, a bachelor degree man can easily be hired now for $820 per month. The techni- 
cian can advance to a shift supervisor in our company, a job, which with some experience, may pay $950 
per month. A man with a bachelors degree, and a managerial flair can in theory progress throu^ levels 
of management to higher salaries than this; but in actual practice, very few bachelor degree chemists 
realize such salary increases and promotions. Furthermore, the technician has Su.ae benefits which the 
salaried man does not have. As an houriy employee, he receives premium pay for shift work, and over- 
time pay for additional hours he is asked to work. 

The chemical technician is a real contributor, and a valued, highly respected employee m our com- 
pany. Similar counterparts are the instrumentation and electrical technicians, and all these technicians 
are treated as if they were plant operators as far as salary and company benefits are concerned. This 
salary and opportunity is sufficient to attract excellent people to these openings. However, at the present 
time except for government pressure on behalf of members of minority races, technician openings are rare. 

I think colleges that have programs for training technicians may look forward to industry's regarding 
these programs as sources of men with better ciualiflcations than those who have not had them. In this 
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sense, colleges will have an outlet for their paduates. However, in order to assure and broaden industries* 
utilization of these graduates of the cheniical technology proiram, a real effort must be made to make 
known the value of this training to industry, and the training must be kept practical and really be of 
value. The colleges may then expect more Interest from industry and support to their chemical technology 
prop-ams. However, plaiiners for chemical technoloa^ pfograms should keep in mind that for most mem- 
bers of the chemical Industry this is a time of tight money. 

Colleges with chemical technology propams can honestly indicate to candidate students that becom^ 
mg a chemical technician is truly a worthwhile and satisfying professional goal It is my opinion, however, 
that at the present time, an over-supply of cheniical technicians from two-year college programs could 
soon exist if the number of people paduated from them increased drastically. Just as an over-supply now 
exists of chemists, enpneers, physicists, and mathematicians. 



MAKING CHEMISTRY MiANINGFUL TO THE NON^CHEMIST 
RALPH BURNS 

East Central Junior College^ Unions Missouri 
Presented to the Instructional Methods Timely Topic Forum 
27th Two-Year College Chemistry Conference, 

St. Louis, October 30i 1971 

Making introductory chemistry courses meaningful and interesting for the non-chemiit is a chal- 
lenge many of us face. How do we keep the courie current? Can we interest students in reading such 
publications as rh^mjcal Rngtneering Wftw^^ nhernktryj .Snmnn^y .^nipntlfin Amftricanj and even the 
science section of news magazines? 

Some instructors may choose to assign weekly reportSj cite references to lecture notes^ or to sug- 
gest articles for persueU Another approach is to use snail group discussions for studying current 

topics. Small groups have certain advantages. If the course is structured for two separate laboratory 
sessions per week, one of these weeklyj to 3 houriessions may be set aside for small group discussions 
of timely topics* A new topic need not ae silectad for each discuision session, since some topics may 
require two or three sessions for a thorough discussion. Discussion topics can generally be correlated 
with other lecture and laboratory topics. 

Topics selected for discussion group juld be kipt current. Topics involving some degree of 
controversy promote the best discussion . fi .u "*tjd^nt involvement* Pollutionj scientific research, 
chemistry and the economy, consumerism^ the tQ f chemistry in medicine end drugs, drug abuse, food 

additives, and nuclear energy are examplBS. Articlf \ pertaining to to each of these areas have appeared 
in recent issues of C&E News and other publications. Some paperbacks can also be used as supple- 
ments* The Challenge of Chemistry by Phillip A.Horrlgan (McGraw-Hill Book Company), for eicample, 
offers a bried introduction to several of these topics and has an interesting^ provocative approach. 
If a few copies of this book are placed on reserve in the library, students will not need to purchase 
it themselves* 

The topic of pollution ^rks well early in the course when ions, including phosphate, and molecules 
including oxides of nitrogen and sulfur, are emphasised. Three small group discussion sessions are ' 
suggested for this topic. An experiment related to pollution, such as the Winkler determination of dis- 
solved oxygen, can be performed in the concurrent laboratory session, 

Motivating students to persue reference material is a challenge. If the instructor kreps a running 
file of clippinis from journals, such as CaE News, these can be photocopied and placed in three-ring 
binkers on reserve in the library. We found this approach more effective than simply listing refer- 

and knd'^S' i f^l'h T suMivision of the material into areas such as air, water, 

and land pollution, so that both pros and cons of topics are represented 

WUhin each two to three hour time block, a class can be divided into small groups of 6 to 8 stu- 
dents per group. Each time block can be used as follows; small group discussions during the first 



40 

A *7 



ERIC 



75 minutes, six-minute presentations by the group leader addressing the entire class during the next 25 
to 30 minutes, and a concluding 10 to 15 minute discussion with all students participating and inter- 
changing ideas. The 75 minutes suggested for intragroup discussions allows for njaxiraum interchange 
of ideas and for prepring the group report. Students are encouraged to include chemical, biological, 
environmental, sociological and economical aspects of the topic studied. Group leaders can be appoint- 
ed by the instructor, so that all students can serve in this capacity, with new leaders being appointed 
to each session. The class canbe [egrouped as topics change if desired, but some students prefer 

to keep their same groups. j i „ i 

We use portable cassette recorder to tape the preHentations of group leaders and also the intormal 
class discussions whicn follow. The tapes are placed on reserve in the library for students to use while 
preparing for later small group discussions. Groups are encouraged to use these tapes for documentation 
and for preparing questions to ask other groups during the next session. 

the speaker. These recordings kept discussions orderly, with only one person speaking at a time, 
while others waited to make pro and con comments. A considerable amount of listening as wel as 
talking resulted. Students had a tendency to identify with their groups during large group discus- 
sions Each student made one of more contributions to the large group discussions, ^a^'^ °^^^j^^^f 
evaluation forms, several students mentioned the discussions as being one of the best- i^e pa 
the course. Students read the reference materials provided, plus additional material, to be prepared 
for group discussions and for challenging other groups. Following discussions on each topic, each 
student wrote individual reports which weri graded. ^ j * 

For discussion topics that require two or three sessions, such as pollution, the first was used to 
survey the topic, define terms, and suggest methods of collecting data. The small group discussions 
of the second session centered on disagreements and inconsistenciss m material presented by the 
group leaders and on possible solutions. The third session was used to summarize findings, present 
conclusions, suggest possibfe solutions and list additional investigations. These discussion topics, 
then, can be approached in a similar manner to research investigations. Perhaps students will profit 
from learning this technique of approaching problems. 

Each instructor can have his own modifications to this approach, but I hope each instructor will 
experiment with the use of small learning groups and also discussions of timely topics. The attitude 
of the instructor and his enthusiasm for student expression appear to be prime factors in the success 
of such approaches. 

An Audio-Tutorial Approach in General Chemistry 
Using the Popham Paradigm 
Vincent SolUmo, 
BurUngton County College, Pemberton, New Jersey 

The 29th Two-Year CoUige Chemistry Conference 
The Franklin Institute of Boston, Boston, Mass, 
Friday evening, April 7, 1972 

Why develop a multi-media instructional approach when it involves more time, energy and a strong 
committment to support this approach on the part of an institution? 

There are several arguments which indicate such an approach is justified; perhaps the most salient is 
that traditional approaches to education have proven ineffective with non-traditional students. Chemical 
Education for the Underprepared Student^ the proceedings of a conference of the same title includes some 
important conclusions with respect to teaching chemistry, placement and achievement tests, and innovative 
techniques related to the underprepared student. According to this report, many educators have assumed 
that they cannot communicate with students of low proficiency in language skills and have placed too 
much emphasis on students being able to assimilate concepts and take notes while being inundated with 

lecture material. , r ^^ i * , 

John Rouche points out that approximately 75% of low achievers drop out of college . Certainly, 
we in the two-year college experience our share of underaehlevers and high attrition rates. What can be 
done about this? John Carrol^ in a proposed educational model implies that if one mode of instruction is 
administered to a group of stude ■ normally distributed with respect to aptitude, then the results of 
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tit?XtHf'^l"°'™^^'^*'*"^^^^^ If' however, two aspects Of this approach are Changed ie the 

tr.n,f.! " County CoUege we have experienced decreases In attrition in our general chemistry 

H ' ^" '^^^ to 11% in 1971. While several factors rnay hie bet tsp^^^^^^ 

for tins decrease m attntion rate such as the addition in 1970 of an Introductor^ cSs^ cJurL^ t^^^^^ 
addition of more elaborate learning activities to the program and the use of a te^t c^me In m i re^L. 

^p::^* - helping students become orient with 

TTie audio-tutorial exercises comprise one of four modes of instruction in thp in^ „ i 

1 . Specification of a behavioral objective 

2. RationaJe 

3. Preassassment 

4. Appropriate practiae analogous to test conditions 

5. Progranimed aequences increasing in complexity 

6. Active student responses 

7. Immediate feedback to student concemini his response 

8. Po.t test as an evaluation of the attainment of the objective 

The raHonale includes much affective information such as relevant applications of each exercise 

fs^ C r.o L'»r °'r °' ^''ili'y a-" in generaf hem 

isiiy. we plan to use tins test in placmg our students this fall 

nn.iJ^ f1f'"f' -^"""^ previously mentioned learning principles and represent a com- 

-^-^ Precautior^s throi^ the meS'^ t^ 

Measufement 

Calculation of Avogadro*s Number 

TTie Hydrogen Spectrum 

Atomic Structure 

Bonding 

Stoichiometiy 

Heat of Reaction 

Molecular Wei^t of a Volatile Liquid 
Crystal Structure 
Percent Acid in Vinegar 
Freezing Point Depression 
Equivalent Mass of a Metal 
Water Pollution 

Briefly, the exercise, ''Water Pollution," is constructed as fbllows- 

nhudl^f ^-"^ '^"'^ ""^y experiment is worthwhile. Examples of adverse 

phys.olopcal and environmental affects due to high levels of pollution are given. A 4art puSed 
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bv the United States Public Health Service is shown indicating the maximum permissible levels of 
each pollutant. Through subsequent frames the student is led through 

per miUion for various pollutanis and then asked to quantitatively determine the PPM of pollutants 
Lch a chl^^^^ in a sven sample and in tap water. After a series of frames in which the student is 
T^^^of how to select a maximum wavelength using a spectrophotometer and how to con- 
i^uctVSSStion curve he is asked to determine the number of PPM of pollutant in a given sample. 
This exercise consists of fifteen frames in which the previously described learning principles are 
utilized and is followed by a post test. 

The exercises were given in a strict sequence which corresponded to each unit of activity . 
In conclusion, I would recommend considering several factors in reducing attrition rates in senera! 
chemist an introductory course, utilisation of a test center and the use of accepted learning pnnciples 

in developing self-instructional materials. 

^ ^ ^ Chemical Ediwatim M Underpre^^^ Chicago. 111. January, 

'^^^ »Rouche, John E., "Salvage, Redirection or Custody?" American Association of Junior Colleges. 
"""^^i^tH^ S: 'uS^ng for Mastery," U.C.L.A. Evaluation Comnunt: Vol. 1, No. 2, May 

'^^^^Popham, W. James, "An Experimental Attempt to Modify the Instructional Behaviour of Student 
Teachers " /o»mff/ of Teacher Education, Vol. 16, March, 1965. pp. 46M65. 

s Penny, Rita T., "An Analysis of the Relationship Between Certain Mathematical Skills and 
Chemistry Achievement," ERIC Information Analysis Center for Science and Mathematics Education 
Report, March, 1971. p. 196. 



TEACHING SCIENCE TO THE DISADVANTAGED STUDENT 
IN AN URBAN COMMUNITY COLLEGE 
Dr. Louis j. Kotnik 

Department Head, Physical Sciences, Cuyahoga Community College 
Metropolitan Campus, Cleveland, Ohio 441 15 

Presented at the Great Lakes Regional Conference of the National Science 
Teachers Assodation, Cleveland, Ohio, October 7-9, 1971 

Most of my experience has been teaching chemistry to the^underprepared ^'"'J^';;' however *e^^ 
ciples which 1 wish to enunciate would apply to the teaching of any science or mathematics. That this ,s 
true, and that this type of student has almost universally identical ^ha^ctenstics ms broi^ o^ m a 
coriference held in Chicago on September 10^12. 1970. Instructors of sciences f ^ '^^ ^^^^^'^^.^^^^ 
gathered there, coming from various locations in the country; two-year '^^''^^^^^''^ 
coileies Chlcano mixed ethnic and black; as well as welNfinanced and pooriy-financed schools. 

fhi^pe^ student will be described in this paper, but first we shall discuss some of the problems 
in the current approaches to teaching science- _ I„H.^r, i 

Educators ^rry about the problems, yet often they offer little mor. t^^" '^^^^^^^ ^^'^^ College 
have hoard the expression "revolving door policy" at Cuyahoga Community College and at Two-Year College 
S^try ConferLces so many times that 1 gag at its utterance. "The ««rit.on ra^ is oo hi^ ^ 
have an open door policy but we lose too many students after a quarter or two. We .,11 ^""B ^ 
h^l^^ the fticuSy bLes the administration and students; the administration "'^'f f^f ^ 

LdeTts v^body blames the counselors, and the poor student, if he hasn't drowned m this cesspool of 
recSah^bSes the school. Thus, very little is done except on an individual hit-or-m.ss basis. 
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that c^«^^J:;^,ii^s^^^^^^^ ^ - ... ,o i„ .p.. or tne r.. 

extent because many of its students transfer to Lr year St^l f" ^ ^^r*^" 

often, however, curricuJa that pertain only to the J^fv cannot deviate excessively. Verv 

For example, technical programs int^^^^^ f^'^ ^'"^ hampered by these practiced 
student to have as much mathematics (or a^os af muc^rfor%"""''''- ^ requirements, e.g.. expecting a 
need for a four-year engineering program ^ ' technology degree as he would 

.o ^ ~" '^^^d- behind the "t^ur-year syndrome" in o^er 

cost m^ey. the faculty becau^ it m^chj^^ y")^ ^^f^^ administration because it m^ 
approach." Surprisingly enough, the h toWye^^^'/ f ^^''^"^^ ""^cd to a certL 

year old; the older person, having been out of ihoof L 2ot '^^'''''^ '''' »h«n the 18 

while the younger student does not. In spite of t^ll^fn . ? ^'f ' ^"''=>P«tes change (with fear) 
accepts different approaches with a peet dS of l^^i^^ncf ' "'^"""^ only 

the "Old stiie^'^Unf^;:;^^^'!^^ to publish boo. unless they fallow 

vantaged student; practically all are from "b^^" four^e^ ^ T '^^'^hlng the disad- 

thing changed fundLeSy !n "oIlege^^cSiLn?"''" ^'"^ ^'^'^^^ P--- ^e-? Has any- 

Hch -d%::rmiS^^::f ^^T--^^ «^--^on as being f.r the 

are to make such a system funcSo^ w/n^b ''"'"'f ^" ^^^^ '^^^^ the poten'al). U^, 
should not be in college. Yet this is a d^oi^ dSS^; " 'fV^^''' '''' '''' t^^* '^^^ ^^"dents 

ype based upon tests which are slanted to wa J a certtr ^''"^'^ t^nd to make choices of this 

"stacked" against the inner city st^l n^ ^ "^^^f '-'"8^ Ev«" the I.Q. tests are often 

umversal information that is unknown to the fn^er't tuJ^^^^ because they are based upon supposedly 
schools pre^re their seniors for such tests as C T s a T f ' T''^' '"^''^ ""^^ 
this type beforehand. The inner city student and oIh;!* f ^ f ' ^^a'nP'e. by giving them tests of 
they a,, faced mth a traumatic expe^^f^^Sl ^ T^"^ "^'^ consequentlj^ 

are so shaken up by this that they forerthr'pleatr?. ''T"' ^^"^ ^^"^^"t^ of this type 

Furthermore, we must recoCTize th^t th!- n ? , 1 '"^'"^ to attend college, 
and that we are living in a plurSf ^hel^^^:, - ^"^^^ States is a farce 

must be understood. Comprehension of tWs poin' f part^ ,,vi """^ff'^y °f ^""ures upon education 
two^year and four-year colleges, as well as th/Sic y^mf " schools-both in the 

- = be done to help the disadvantaged 

^me. This was true in spite of th^ fLt tha many cS urban schools) were consistently the 

backgrounds were discussed. The groups dkL^SJ n Z ' ''^'^'"''^^^ various cultural and ethnic 
and ethnic whites. ^ ^ - "'"''^^ '"'^'"^e^ "orthem blacks, southern blacks, Chicanos 

The characteristics of these studpnt« nr>„]ft k 

I Pnnr m^fj,.™ u , " ""^^"ts could be Summarized as follows- 

algebra. '""'^'hty to handle fractions, decimals, and obviously 

' -~\tti;T/oZ^^^^^^^^^ -00,. w.. 

oversow..., --.y .^^ i^ir '"i:;„'Te rs-.:. 
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5. 

6. 
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experienced teacher who remain, in .he inner city high school more often than not becomes 
.r tonS.TK=S'Ur .h. ,on..rsn,= P,™in, 

x'lr o?:iSctflU ™s .ncuaes - — -rr-.^" z^s.^ 

inadequate preparations but more because of ' "J ' ^'^^en that black females have 
true of women, doubly so for W»'\"rf told Thev cL't make it in mathematical 

suffered a double dose of "bramwashing. They are told they can i 

acts because they are black X^^'Z l^^r^roZo^i^^ 
fo'fesSli;-' S t r,Sr-.':r<:'unseli (.neralW white, who told 

•'■^t^iltLrS'^^suUed in a tendency to - --mpe««. and .s„ .^^^^ 
pressures and therefore unwilling to take exammafor^s. ^tas can be ove com f ^ 

b^a^ ir r mTe^ i'^^^^^^^^^^^^ - .ame but 

^:e'u;defpre;tdT^5:X°3'sL7h"bi.s and an Inability to concentrate. This often is 

HSEireS^^^^^^^ 

either part-time or full-time.) ^ hiohlv impersonal subject matter. (If 

A repulsion by apparently cold mstructors ^"^f ^^J^f '^Ltl^ half won.) 
this problem can be overc^e «^ ^^^^^nftopics. This may be the reason 

Boredom with repetitious dnlls on routme „„g arithmetic" do not succeed, 

that propammed materials and the normd ^^^^^^j^'^™ .thematical solutions 
9. A tendency to emphasize memonzaf on f^^^^'^^l^^^oJrmthod for solving a 

rrrr™s?pS;tro^hrf^^^^^ 

ability is worse. ,iM tu^ inh he done elsewhere? 

How do we teach these i^f'JZT^XX coUete. We have to change «,e 

.hoo?rm'^Tarsu=:;ereoU^^^^^ 

^^mrr':oC"tc'atetco"oTeSe ^toP^id be developed in which the colleges and the 

school systems can develop new programs of ^ith the current underprepared 

..derXr^rt^^r^ra^TnirgertlTbe-L^^^ .^e drain. My own personal obiecfve 

iro^oS^rcrni^ XS^Z^t::^^. ionseqU,. we use euphemisms such as 

"Introduction to • ■" .Edition to the usual dull passive voice approach 

unfortunately the books f ''l'^^^ P^^al by including fewer and less complex concepts 

of most science texts, only seek to f^lJ^'^^^temy own text. After using it for three 
and problems. This approach fail^ I have been ^^^^^^^ ,„„plete reorganization is m order, 

years with only moderate success I am " ^P°^';^„*17Jith fractions and ending with algebra. 1 

rnr'irn:id"r.htt:or^^ 

s;ra;s\^r inra w=^^^ - - ^-"^^'"^ '^^ 
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StV^thJ'te!c?.^'' ^ ^''^^^ ^ ^''"P'y illustrations of how this material can be integratea 

I am convinced that attempting to teach the student mathematics in a remedial course, especiaUy 

flf h S^Tu^^-'Tf "^1 u ""^Z^' teaching me 

u^^fdt if I ^7 *u^' ''"^ "'"^'^ impossible to sell unless the material Is "dressed 

up and taught on the need-to-know basis. 

.n«. !f *° " i"* ""^^^ * '"86 number of audio tapes that discuss the book and the problems 
contmned herem. Crude single-concept films were made. We attempted to introduce humor into E 
The bipst problein with these films (in addition to my inexpert photoiraphy) was the fact that we 
nr^S J' '"fduced more than one concept in the film and tended to assume that -all students know this 
or that. At present the book is bemg rewritten. I am attempting to write the book in a breezy style 
poSn ex'^S examples whenever possible. For example, when discussing the gas laws I shall use' 

«f .h^' ^^ook will not be written in the passive voice except when absolutely necessary because this type * 
of student IS often a poor reader and would be bored to death by the typical dull passive-voice text. In 
a^mon, as before, each chapter will be Introduced with a list of behavioral objectives explaining what 
the student should be able to do after completing the chapter f s wnai 

ful I hlJe E'tif * ^ ^""8 '''' °f n°t very success- 

SLlH uIL T *^f*;tf/^^ difficult to convince students that we are rmlly telling them what they 
should leam hence ^ what is going to be on the test." A certain amount of space in the new edition, and 
ime m the class, will be used to demonstrate to the student how the statements of the behavioral objec- 
lives can be used to study* 

A new text, however, is not a complete solution; the approach for these students must be multi- 
faceted; lectures, discussions, audio tapes, single-concept films and/or iJide sets are all needed A sinBle 
approach mil not work-^some students can ^asp best by listening, some by seeing, and some by doing 

abora toiy). At present, for example, we are preparing single-concept slide sets using a cartoon approach. 
wnS ll5?sUdes " °- """'^ ' single^oncept slidf set that 

^An^^"" *° ^^^""^ laboratoiy-tutoringroom is needed, i.e.. a laboratory 

open 40-60 houK a week. TTie student can come in, do his assi^ed experiment(s). listen to tapes, watch 
film loops, etc. The attending instructor can pve any special help needed. Most of this material cannot be 
bought on the market at the present time. Thus, what is needM . ■ ^e market is not simply a new text, 
but a pacl^ge, i.e.. a text, a series of coordinated experimenis, audio tapes and single-conceDt films or 
shde sets, mre a« many good chemistry films on the market but they are not s t £o^ 1 fhS coLe 

teach^etu!^.^ H* "^"'P^"*' ^""^^'^ '^"^^ *° "^"iht ""less the right instructor is chosen to 
teach the course. He must be sympathetic, yet must have the ability to "push" the student Modem 
approaches are worthless unless the student cooperates. This cooperation is not easy to aTh ev^ forTeveral 
easons. Th. unde^repared student is generally conservative (relative to education) and tends o accept 
lectures and reject the "modern devices" such as single-concept films, etc. Most students well ureS 
m wen ^ those we ar. discussmg. tend to hold on to the lecture like Unus holds ^1o KLS^S 

u ""^^ '^^^ *° the modem approach, 

to be^e eSed"when^f h ^ * *° ^^'^"'^ differences. Black students tend 

to be reserved when they have a white mstructor and the reverse is equally twe This is oarticularlv tme 
with the disadvantaged student. The problem is not one only of blaXwhitel^ut a^'o eS^e hnif etc 

S dSn^^fl^,"' 'TT T'^'T' '""^ ^P'*^ °f their mciaLe^i^^td^^*" 

cultural difftrences This can be done when and if the instmctor makes an honest effort to do o He 

St^e Wm hTI f-'"' "^'^ ^"^^ ^'"''^"^^ '^^^ the materials are avail^e 

task h t ' ""''""^^^^ ^'^^ *° accomplish this feat. This is not an easy 

task, It takes almost a supersalesman to do the job. 
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Going from the individual instructor to the department we have this to say: f the department js 
relatively small, one instructor should develop the course and teach all sections of lecture and aboraton'. 
In larger institutions where several instructors teach the course, it should be under the control of one 
person. This person can design the material (with consultation if possible) and determme the schedule 
of lectures and laboratories. , ^. , i .u^„ 

An auxiliary problem is the class size^panted it is easier to teach a small class, particularly ^hen 
teaching underprepared itudents, facts must be faced. The cost of education is skyrocketmg. salanes and 
supplies and equipment are all going up. The only way to overcome this problem is to mcrease produc _ 
tivity " i e have more students per class. The probleru we face is that we don't really know^ow to teach 
small classes of underprepared students and obviously don't know how to teach large ones. The open 
laboratory-tutorial room may do the job. i.e.. permit us to have large, economical classes yet pve the 
student the chance of a onHo-one relationship with the instructor. Much expenmentation and change has 
to be expected to complete the task. However, if both faculty and school administrators forget the 
rhetoric and decide that the job must be done, it wUl be done. 

The administration must be willing to do more than spend penny-ante funds, with or without Federal 
grants in order to encourage curriculum development; the faculty must be willing to do the development, 
and while doing it resist the temptation of accepting gadgetry and change for the sake of nove y bx- 
perimemation must take place, and one must concede that in any set of experiments (even well designed) 
there will be considerable failure. Nobody has all the answers, neither educational specialists, science 
faculty, nor school administrations. But changes must be made or we mi^t as well close the two-year 
urban colleges, reject the open-door policy, and forget the premise that education in and beyond high 

school should be available to alK ^ ^ u nu^^u^^, 

However with all the difficulties presented, solutions can be found. The Two-Year College Chemistiy 
Conference and the National Science Teachers Association, as well as others, are addressing themselves to 

these_needs.^^ face the fact that a revolution in education is needed in the United States; if this doesn't 
occur, along with changes in community relationships, we may face a violent revolution m ftis nahmi 
. and face its dissolution. We have solved some mighty problems in the past, hence we should be able to 
face and solve the present ones. 



The Use of the Mini-Computer in the Freshman Chemistiy Laboratory 

Carl E. Minnier and Philip E. Sticha, 
Essex Community College. Baltimore County. Maryland 

This is a description of our propam for utilizing the small computer as an integral part of the beginning 
chemistry courses at Essex Community College. The main idea behind our program is to introduce the 
student to the computer as early as possible in his college career and to have him analyze his own data 
using prop-ams written in the BASIC language, 

The Changing Freshman Laboratory 

There has been a trend toward introduction of several of the classical experiments from the former 
quantitative analysis course into the freshman laboratory in recent years. These exercises include gravimetric, 
volumetric and spectrophotometric analysis. Reports of the effect of this trend upon the students have 
been mixed. However, the ability to obtain, record, and manipulate numbers is an essential feature of 
science and one which can afford the student an opportunity to develop and test critical techniques. How- 
ever the quantitative nature of the exercises greatly increases the chance of arithmetic errors and the time 
required for computation. In addition, it was found desirable to introduce the concept of error analysis 
into the laboratory including: 
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1. Calculation of the standard deviation 

2. Plotting of the normal error curve 

3. Least Squares analysis in conjunction with Beer's Law plots and kinetic studies 

4. The dcnvative method of endpoint detection in conjunction with titration exercises 

r i^'^R sS:;:^:."^::; i^ioict^nj::;"'^^"^ - 

Consideration of the Programs 

The programs used in the course can be classified into two kinds- 

I. S.mple programs which can be used to calculate the percentage SO3, H,0, KHP .oda ash 
et.. of materials commonly analyzed in elementary laboratory. These programs can be' ' 
caMly understood by students with only the briefest exposure to the B AS t language 
" ^ui; programs used in the calculation of least squares, endpoint analyst 

Those students w^io are enrolled in the computer courses can understand thes^ programs 

^h^;"^emS:^.'*"'°"" ^^"^^^ ^^''^ language cor^urrently 

Data Analysis: Early and Often 

We have introduced error analysis into the laboratory on the elementary level presented by Masterson 
and Slowmski m the.r text "Mathematical Preparation for General Chemist.^' (Saunde,^ 97m EnS^d" 
placed on the significance of the mean, the average and standard deviatio^ he sl^^ oflh nomf 

ons ^Hh^" k'^f'::::^^;"" f s^i '^^^^ one h,stance^s^d^:u^°:;:^nta^ 

th^ ms^,l;;:^'°p:^r'''°" °' ^'"^"^ °' '^-^ ""^^ '•"^^ °f ^rade revealed an error 

u.eJfJ^ T " '"''''''m"- '° '^'^ °f transformation of data into more 

useful fornis as soon as possible. The least squares analysis and the derivative method of endpoint de ection 

"inSt ^in;':";ti '^''^'^"^ ^'^-"-^^■^ -^^^ - propel:" of^a^rr 

cafdo il hfat^e^^^^^ ^" ""'^"'^ ^'""'"^ of computational time. The computer 

Computer Simulation 

c^^'fl^" of a Varian EM=300 spectrometer moved us to introduce the student to the simulating 

S Ss "Jiinok^ ^^n '^^thematics training, i.e., the coefficients of the binomial expansion 

and la .al triangle can find use even m a sophisticated phenomenon such as NMR In addition the 
conjpu^dlows hini to compare the regular variation in the spectra of AB protons wmi^siecModiances 
in th^ AV/J values obtained on the instrument with theoretical spectra obtaLd by Ih ni^^a va^b e S 
simple equations and having the results plotted on a cathode ray tube. 
Procedures and Hardware 

Our hardware consists of a I6K Hewlett-Packard, 2I00A mini-computer, teletype high-speed printer ' 
cathode ray tube, and an X-Y plotter. We make use of all of these pieces of equip^m f th^ chemS^' 
program^ The computer programs for the quantitative analysis exercises are written in the B AS Ic'T ~ 
dunng the laboratory period by students. The data is handled by marked cards and L ^oc^S of h^^^ 

S^sed'bv'm I ' T''"^' ^""^ '''^'^ ' -"^P"*" — • There are s^ ^^L,^ 

p o easing '''''' '''' ''^ ''''''' by the student handling the data 
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Conclusions „ . , • , « 

The introduction of the small computer can have the following beneficial effects. 

1. Elimination of arithmetic errors. 

2. Evaluation of data using methods of error analysis without excessive computational time. 
3 Computer simulation of natural phenomena. „ 

However Le difficulty can arise in generating enthusiasm for the computer among one s coll agues and 

„; make certain to emphasize the problem-solving techniques in class - f ^J^^^^-*- 

take the place of understanding, but rather will enhance understanding by easing the burden of excessive 

calculation, 

ADVANTAGES OF USING 
MODULAR AND LOWCOST INSTRUMENTATION 
Galen W. Ewing 
Seton Hall University, South Orange, New Jersey 

The Twenty-Eighth Two-Year College Chemistry Conference 
San Antonio College, San Antonio, Texas 

Meeting with a group of two-year college teachers brings memories of old times, since my first teach- 
ing position was in a two-year college. That was Blackburn College in Illinois. 
The subject matter of this talk can be broken down into three parts: 

(1) The advantages of using instruments. This is analogous to the advantages of riding rather 
than walking-you can cover more ground with less effort, but you run the risk of losing touch with 
nature The instrumentation must always be the servant of chemistry, not the other way around. 
An earlier speaker this afternoon mentioned the complexity of the Winkler analysis for dissolved 
oxygen and the relative difficulty of the standard analysis for sulfide. Both of these can be earned 
out by instrumental means. The sulfide analysis, for example, becomes extremely simple with a 
commercially available sulfide-specific electrode. Just attach this electron, to a pH meter and read 
the sulfide ion concentration. ■ u- u 

(2) The advantages of using modular instruments, By a modular system I mean one in which 
the components needed for each single function are assembled together in a single package. As many 
as needed of these modules can then be interconnected to form the complete instrument. The advan- 
tages are two-fold: (a) the student gains greater insight into the nature of the instrument because he 
must understand the relation of each module to each other module and to the whole system, and (b) 
greater economy can be realized because of reduced inventory requirements. For example, a modular 
amplifier can be utiUzed in a wide variety of experiments instead of spending most of its time idle, as 
it might well do if it were built Into a specialized instrument which is used for only one or two ex- 
periments each year. . , t *u + ^ ^i, 

(3) The advantages of using low-cost Instrumentation. Somehow I cannot feel that mucn per- 
suasion is needed in this direction! We must of course take care lest we waste money on equipm^ent 
which is inexpensive only because it is pooriy made. Just as with a watch: a cheap one can hardly 
be expected to last as long and to keep time as well as a more expensive model. On the other hand, 
the expensive watch will not last any longer than the cheaper one if it is stepped upon. So perhaps 
we must compromise here. 

With that introduction, I will show you a few slides. The first is intended as a passing commentary 
on progress in instrumentation. It shows, side-by-side, advertisements of a certain instrument company 
taken from chemistry journals of 1941 and 1971. You will note that the two instruments pictured are 
apparently unchanged in thirty years, except that one of them is now painted gray rather than b ack. 
This could be interpreted as a complete lack of progress, or as an indication that they did a pretty tine 
job of design thirty years ago. I suspect that the truth is somewhere m between. 

Next follow a few slides depicting the system of modular instruments manufactured and marketed 
by A. R. F. Products, Inc., of Raton. New Mexico. I had a hand in the original design of this system, 
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by patch-cords ,o instrunTcnlTny SJoSlnn^^ ''^ in'"«nnectcd 

me.suro„«„,. pol.,osraphy e oarrdS ^ ^o.rochemmry wluch requires only DC. such as pH 
eter (A.R.F. ells It an Cjo pt o„mS^ " spectrophoton,- 

thermal conductivity gas ctX°o r „h Cl, , r^'T 'T^ ''Si""- " 

n,e.er or recorder wHi^l, are coro7ato "^,1:2:::^^'::::^^^ ^ 

orco„,i,ura,ions to forn't'dl^rer:'; rero^orcaLtul:":'^ " 

have seen these displayed a, a phys.cs show, and was quite favoSy' ' ' 

Califori^l ^iTha rllj or't):';' "'"I'*,' °' 'n^<™".-'s. Inc., Danville, 

a tern, from coiLiuI T, \ '"'"'™°''<' "li"-'" °™ misht designate a "main frame." to bwrow 

power spy 7S « e'r m;ides ,r^iS;^ °" " -""i- 

'"*°r:r,i.V:£££-- 

use of "op^amps" in a dav m- two f ^"f" ' facturer. You can learn all you need to know about the 
which co,Ua^ abo u ixl^i "° 'nn'"' f ' ^^^''^^'^ f'^"^ ^^^=»-al companies, 

oTttr irdiraS SH^^ 

e^ample ora ..S^.^^^^^^^^^ op-amps. This is an 
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INTRODUCING CHEMISTRY WITH A GAS CHROMATOGRAPH 



Harry Hajian 

Rhode Island Junior College 
Providence, Rhode Island 02903 

An invited paper developed througli experience witii the introduction of chemistry 
with tlto approach developed by The Chemical Technician Curriculum 
Project. The author has been a member of the ChemTeC Writing Team. 

Experiments used to introduce laboratory experiences in beginning chemistry courses many times 
are a repetition of experiments the students performed in high school courses. The negative attitudes 
this approach produces can be dispelled by using instrumentation for introducmg a student to meanmgtul 
experimentation. Our experience shows that even for a student with no previous exposure to chemistry, 
this approach is profitable. Actually handUng equipment, such as a gas chromatograph, excites the 
student. He actually investigates chemical systems instrumentally. He knows that instruments are used 
in the real world, but at this point in his education he has not personally had contact with much 
chemical instrumentation. 

A student benefits from this early experience with instrumentation in the following ways: 

1 . He is virtually assured of good results for experiments. 

2. He sees chemistry as it is commonly practised. 

3. He realizes that chemistry no longer is relegated to reactions in test tubes. 

The student can gain this experience with a minimal awareness of adjustable parameters and opera- 
tional conditions. Remember that we are talking about a student in the first week of his freshman year! 

Before introducing the class to the gas chromatograph, the instructor should grapmcally demonstrate 
some of separating liquid mixtures into their pure components, Separating the components of some 
washable inks using simple chromatographic pade paper provides an excellent example. 
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Figure 1 . Experimental set-up 
for paper chromato- 
graph 

Inks that have been found suitable include: 

Single Colors ^ ui i 

Sheaffer: washable blue; washable peacock blue; permanent red; permanent black 
Parker; permanent turquoise; pemianent red; washable royal blue; permanent blue^black 

Mixed Colors 

Sheaffer: washable black; washable emerald green 
Parker: washable black; permanent green 
Other colors can be used with advantage. Inks based on solid suspencions and marker mks. stampm| 
inks, etc. (which are not water based) give poor results. 

SI 
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Washable black inks have at least two, and usually more, color components. You may also mix the 
mks to provide further examples of separalion. Students who finish early can make their own mixtures 
for analysis. 

The paper chromatograph experiments very graphically demonstrate the concept of a mobile phase 
carrymg the components of a sample with varying degrees of success and thus depositing them (in this 
case colors which make up the original ink) in different locations. The student can see that different 
colors have reached areas of different distances from the initial spotting point. This idea is used as a 
model for explaining how most pure substances in a mixture reach the detector of a gas chromatograph 
at different times. 

A demonstration lecture can now be used for acquainting students with the gas chromatograph.^ 
The ChemreC Project Writing Team has produced a short film introducin« the techniques of using a 
syniige, iiijectnig liquid samples and adjusting a recorder pen. The film also describes the features of a 
low cost gas chromatograph,^ The demonstration lecture should extensively use the analogy between 
the model developed using paper chromatography and the physical methods employed in gas chromatog= 
raphy. ~^ 



Table 

Paper Chwniatograpliy Model 

K Spotting sample on chromatograph paper. 

2, Fluting solvent (H^O in this case) pushes 
sample spot up the paper, 

3, The separated pure colors appear at differ- 
ent distances from the sample spot when 
solvent stops moving, 

4, The unaided eye is used to observe the sep- 
arations in the chromatographic paper. From 
this permanent record measurements and 
data are collected and used in analysis. 



Physical Methods in Gas Chromatography 

1, Injecting sample into chromatograph column. 

2, Carrier gas (He) pushes sample (now a gas) 
through the column. 
The components of the original mixture 
separate and appear at different times at 
the detector. 

The detector in the GC sends a signal to the 
recorder. These tracings become the record 
of the separations. From this, measurements 
and data are used for analysis. 
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Recommendations for an Introductory Experiment using a gas chromatograph. 



Basic Equipment 

A. Gas Chromatograph - teaching models (e,g., Carle, Gowmac, ARF, etc.) 

(1) 8% w/w General Electric SF96 on 80-- 100 mesh silanized support 

12% w/w Carbowax 400 on 80-^100 mesh silanized support or equivalent 



Two columns: 

(ii) 

B. Recorder 

C. Helium 

D. Pressure regulator 

E. Microliter syringe 

(to deliver 0.5 to 1.5 all volumes) 
F Bubble flow meter 



Figure 2. Typical gas chromatograph 
unit for bepnning student 



EKLC 





Figure 3. Student grade syringe 

Reagents: Ethanol, Benzene, Ethyl acetate, Cyclohexane, Toluene, Heptane, Hexane 

Commercial Products: Non-flammable cleaning fluids: e.g., Carbona, Aero. 

Astringents: e.g., Max Factor, 

After Shave Lotions: e.g., Aqua Velva, Mennen, British Sterhng. 
Finger Nail PoHsh Remover: e.g., Cutex, Max Factor. 

During a pre^aboratory session or a previous meeting, each student should be given a number of 
chromatograms and make an accurate measurement of retention times. 

Table 2 

Chromatop-ams of Some Pure Substances 




Column (i) 6 ft. X 1/8 in. (O.D.) 

(ii) 1 2% Carbowax 400 (Polyethylene Glycol) 
on 80- 1 00 mesh silanized support 

(iii) 6Q»C 
Flow 20 mll/min 
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Samples 0.5 Ml liquid, reagent grade 
Scale 50 mV full scale 
Time 1 inch/min 
Note unresolved impurity in hexane 
appears as small shoulder, 
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From this measuring exercise, students can prepare a data table entitled "n^t^ntin. t- *• 

Table 3 

Chromatograms of Some Commercial Samples 



Analysis of Dry aeaning Fluids 
I Column (i) 6 ft. X l/8in. (O.D.) 
(ii) 8% w/w SF.96 on 
80- 1 00 mesh silan- 
ized support 
Ciii) 60°C 
flow 20 ml/min. 
Sample 0.5 illiquid 
Scale 1 2.5 mV full scale 
Time Full Scale = 16.2 min 
Zero Time = Injection 




1,1,1-Tri 

chloro- 

ethane 



Naphtha Components" (Mainly Aliphatic Hydrocarbons)^^" * ' 



Trichloroethylene 




The three major ideas demonstrated in the above experiments are- 

separations occur because each co nnonent in a sample behaves differently 
.from the other components (for the systems chosen), 'creniiy 
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Analysis of Astringents and After Shave Lotions 
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Column (i) 12%Carbowax400 Flow 20 ml/min Sample 0.5^1 

(ii) on 80-100 mesh silanlzed 
support or equivalent 
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Analysis of Fingernail Polish Removers 




Column (i) 1 2% Carbowax 400 Flow 20 ml/mi: 

(ii) on 80=I00meshsilanized Sample 0.5 /nl 
support Of equivalenl 
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-> Instrumentation is commonly used in chemistry and need not be overwhelming or frightening. 
3, Measurements made or graphs can be just as valid as the volume and weiglit measurements 
more commonly associated with chemical measurements. 

The paper chromatography experiment presents no equipment problems, The washable inks must 
be supplied by the student to maximize the effect of the experiment. In approaching the gas chromatog- 
raphy experiment, the limiting factor is the number of available GC units. The experiments can be organ- 
ized so students will have work to do as they await their turn with the instrument. The ratio of students 
per gas chromatograph should not exceed 5 to 1. Three component mixtures are complex enougli for 
the beginner but one miglit prepare a few more complex systems for the better student. We have had 
much success in capturing the students' interest by using this approach in the freshman laboratory. Sud- 
denly, chemistry presents some sensible aspects to the student. He, for example, will imd that most 
aftershave lotions are ethyl alcohol-water mixture plus some perfume additives. This, to his amazement, 
is true whether he has paid 89 cents or S7.00 for the same volume of lotion. 

The student is also exposed to the ideas of pure and impure substances, and that impure substances 
can be separated into their pure components by chromatopaphic methods. As the students extend their 
knowledge and techniques tor using the gas chromatograph, they proceed to experiment on the cahbration 
of the GC detector. As a final use of gas chromatography in the freshman laboratory, the students may 
use an exercise using ester exchange systems in the study of chemical equilibrium.^ 

" ^Modern Chemical TecA/io/o^TReviscd Version, Vol 1, ChemTeC Project Writing Team, American 
Chemical Society, Berkeley, Calif., 1971. 

^Carie Model 8000 with Westronics Recorder single speed, single pen action. 

^Modern Chemical Technology, op.cit. 



SUPER 8mm CHEMISTRY FILMS 
Norman V. Duffy 
Department of Chemistry, Kent State University, Kent, Ohio 

During the past few years, numerous new audio-visual aids have been made available to the general 
chemistry instructor.' One of the more easily utilized (and less expensive) of these learning aids in chem- 
istry has been the super 8mm film. There are now more than two hundred commercially available super 
8mm chemistry films, most of which are sold througfi publishers in silent, four-minute, closed loop, 
Technicolor cartridges. This format is particulariy convenient for classroom or individual instruction of 
single chemical concepts. These cartridged films are low in cost (approximately S25 each) and the neces- 
sary projector (approximately SI 50-$ 175) is usually readily available. 

These single-concept super 8mm films cover a wide range of topics of interest to the general chemistry 
student Numerous films are available on basic laboratory techniques, which may be viewed individually 
by the student in the laboratory, and which enable him to carefully view and review simple laboratory 
manipulations and instrumental operations. A new series of rdms emphasizes laboratory safety and 

fust-aid. , , ... . 

Several available films may be used to replace or supplement lecture demonstrations, providing each 
'Student with essentially an identical view of a chemical reaction or manipulation. There are several series 
of films which demonstrate and explain chemical principles-nims designed to be viewed repeatedly and^ 
reflectively by students, or designed to be viewed with frequent use of the "freeze-frame" device available 
on the Technicolor projector. These include series on spectroscopy, ionic reactions in aqueous solutions, 
and atomic and molecular orbitals. 

The super 8mm formal has also enabled chemistry professors who have inexpensive, amateur quality 
photographic equipment to produce their own single concept chemistry films which fill their own indivi- 
dual needs.*''-^ A number of these "teacher-produced" super 8mm films are available at cost through the 

ACj film clearinghouse.^ . „ii,Kio 

The accompanying table lists most of the super 8mm chemistry films which are commercially available, 

including the format of the film and the distributor. 
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Authors 

Anderson, 
Patterson, A, 



Bragg, L. 

Casanova, J,, 
Manp-avite, J. A. 



Chcm Study 
Davis, J.C, 

Daw, H.A. 

Duffy, N,V, 



Fitch, 

Fitch, J,T, 

Hargreaves, S.W, 



Serm Title 
(No. of films) 

Yale Chemistry Films 
(30) 



Bubble Model of a 
Crystal (2) 

Techniques of Organic 
Chemistry (37) 

None (1 3) 

Spectroscopy Series ( 1 0) 



None (2) 

Ionic Reactions in 
Aqueous Solutions ( 1 0) 

None ( I ) 



Super Smm Chemistry Films 



Topics 

Introduction to Chemistry, Intro^ 
duction to Laboratory, Class 
Demonstrations, Oil Drop Experi- 
ment, Mass Spectrometiy 

Deformation and Dislocation^ 
Structure and Boundaries 

Manipulation of Liquids and Solids 
( 1 9); Chromatop-aphic Separations 
and Spectroscopic Methods (18) 

Various 

Concepts underlying spectroscopy 
and the issential features and ap- 
plications of techniques 

Diffusion and Properties of Gases 

Qualitative Analysis and related 
theory and techniques 

Bragg refleetion of waves 



Fomaf Disirihutor 



A (others 
available on 
request) 



A,B (black 
and white) 



Ganeral Chemistry Labo^ Filtration, Recriptallization, Pipet- 
ratoiy Techniques ( 1 2) ting, Titration, Weighing, etc. 



None (3) 



Heinemann Ed. Boote Secondary Science Films Various^ 



Fractional Distillation, Electrode 
Potential, Addition PolymertZition 



Lewis, LL, 

Lippincott, WT., 
Barnard, W,R. 

Millar, F. 



National Film 
Board of Canada 



O'Connor, R, 
O'Connor, R. 

O'Connoi, R. , 
Fower, B. 

Slabaugh, W.H. 
Tabbutt, RD. 



None (2) 

General Cftemistry Labo- 
ratory Films (10) 

None (2) 



None (2) 



Fundamental Techniques 
of Chemistry (10) 

Laboratory Safety (5) 



Fundanientals of Chemis- 
try (20) 

Single Concept Films in 
Chemical Education (20) 

Mathernatical Concapts of Various' 
Chemistry and Physics (10) 



Electronic Excitation, Ionization 
Various^ 

Critical Temperature, Psramagne- 
tism of Liquid O2 

Production of Sodium by Electrol- 
ysis, Rutherford Scattering, Thom- 
son Model of Atom 

K 

Various- 
Basic Laboratoiy Safety, Handling 
Reagents, Accident Prevention, Lab. 
Emergenciis, Lab. First Aid 

Various^ 
Various'* 



A 
A 

A3 
A 



Encyclopedia Britannica 
Educational Corp, 



Ealing Films Inc. 



Holt, Rinehart, and 
Winston, Inc. 

Modem Learning Aids 

Holt, Rinehart, and 
Winston, Inc. 

Ealing Films Inc, 

Holt, Rinehart, and 
Winston, Inc, 



A,B (black Ealing Films Inc. 
and white) 



A,C 
D 

A,D 



Kalmia Company, 
Concord, Mass. 01 742 

Longnian Group Ltd, 
Pinnacles, Harlow, Essex 

Hdnemann Ed. Books 

48 Charles St., London W.L 

Longman Group Ltd. 



B,E,F (sound) W.B* Saunders Co. 



A3 Ealing Films Inc. 



^fi Ealing Films Inc. 



A3 Harper and Row 

A»B Harper and Row 



A3 Harper and Row 

A.C,D John Wiley and Sons Inc, 



Appleton, Century, Crofts 
Inc, 
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Thompson, J J. 

Wahl, A,, 
Blukis, U. 

Whitney, R,M. 

Whitney, R.M, 



Energetics (3) 

Atoms to Molecules (8) Various 



Heat Energy Changes, Entropy 
Changes, Spontaneous Changes 



Laboratory Techniques ( 1 0) Various 



Lecture Demonstrations 
in Chemistry (10) 



Various 



D Longman Group Ltd. 

A,D McGraw^HUl 

A Ealing Films inc, 

A Eaiing Films Inc* 



* "Topics-Aids, Instnictiona] Resources for General Chemistry/* R. O'Connor, H. Zeitlin, and A. 
ZeiUinMC^ Pi^blication #48 {1970), 

^"Teacher^Produced Instructional Films in Chemistry," R. O^Connor and W, Slabaugh, AC^ Publication 

^W^R^Barnard and G. Tressel,/ Chemical Education, 46, 461 (1969);48, 143 (1971), 
^W.R. Barnard, /Wd. 47. 3l8(!970K ... 
^ For information, write to: Dr. Rod O'Connor, AC3 Clearinghouse, Department of Chemistry, The 
University of Arizona^ Tucson, Arizona 5i72L 



RESOURCE MATERIALS FOR TEACHING CHEMISTRY 
TO NURSING STUDENTS 

Rtna Turner 
Fairkigli Dickinson University 
Rutherford, New Jersey 

Fresented at the 29th Two-Year Collggi Chamistry Conference 
The Franklin Institute of Boston, Boston, Mass, 
Coneurrent Section, Saturday morning, April 8* 1972 

Every chemistry teacher assigned to teach nursing students faces the challenge of introducting bio- 
chemistry of the cell most often in a brief one semeiter course. Although there are numerous texts 
dS^d expressly to serve his needs, he must prune harshly while developmg the concepts that wall 
lead^ an understanding of the molecular basis of life. Often he remains a Strang^ to the «alhospital 
situation and to th. responsibilities of the nurse. Reading about the many applications f chemi tn^ 
to health care does not "always furnish the key to relat ing these directly to the itudsnt at this poml 
m the nursing student's development. The resource materi.1 to help bridge this gap cm be developed 
^uTily any interested teacher. It is a creative expression that grows out of a desire to .mprove 
thp course and a little research in the local hospital. . u r 

msTpproach was developed through a cooperative effort - the result of a healthy ««hange of 
ideas contribuled by participants in a National Science F°»"datlon-sponsor^mmer W«k^P^ 
Chemistry for Nurses which took place during 1970 at Rutgers University, Newark, NJ. Under con 
tiauing ^undation sponsorship, it was given a fair trial the Mlowlng '^^^^^^^ 
eleven chemistry teachers who visited various hospitals in their areas, conducted '"*«'^'^^'„^'*^4l^.n.l 
^ " l^us^epartments. and pooled their research . Hie unanimous response « se^e 
stimulation derived by each participating teacher. All were impressed with the responsibilities the nurae 
ta ftc^^^^arv^ws wiSi directors of pharmacy, central supply, inhalaUon therapy, hemodia^y^js^ 
InSe^re. clinical laboratory and nuclear medicine reinforced their convictions that a good background 
in chemistry is of tremendous value to the nurse, 
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What made this such a personally rewarding experience? The hospitaJ visit is to the teacher of chem- 
istry for nursmg students what research is to the biochemist. It affords insight into the current applications 
ot chemical, physical and engineering principles used in health care. This insiglit can only be gaine.' bv 
individual experience. Suddenly an excellent way of relating something you saw at the hospital to Uwhing 
an important chemical principle will suggest intself. 

The cellophane tubing used to demonstrate dialysis in the chemistry laboratory is the same as that 
used to dialyze blood in the kidney machine. Metric conversions are important. The doctor may prescribe 
a dosage in milligrams for a drug that is labelled in micrograms. The success of inhalarion therapy depends 
upon contniuous monitoring and understanding of the blood gases and pH. 

There is no better way to turn a student on during the course of a lecture than to supply yourself 
with a rich source ot applications to the concepts being taugtit^acquired in the very hospital where he or 
she IS obtaining training. This is particulariy important to students in the associate degree program be- 
cause time .'pent by them in the hospital is so much more limited than rime spent "on the noor" bv 
students in the diploma programs. 

What I am suggesring then is the importance of establishing and maintaining contact with the local 
hospital for the purposes of orienting yourself to the hospital environment, learning the responsibiUties 
^tHesf ' ^""'^Wne yourself with the many applications of chemical and physical principles you will 

When the motivation is present, a phone call to nursing services, introducing yourself and explain^ 
mg your objectives, will usually result in arranging several key interviews. The rest is up to you There 
IS notmng new in education except mdividuality. r / ■ 

Use your portable tape recorder if you have one. And if you are into photography, you may develop 
some worthwhile slide sequences on film strips. & i y,y^^ '"^y acveiop 



HOW EXTENSIVE ARE AUDIO-TUTORIAL SYSTEMS USED IN CHEMISTRY IN THE TVVO=YEAR COLLEGE 

Floretta Faubion Haggard 
Claremore Junior College, Claremore, Oklahoma 

Presented at the Symposium on the Systems Approach to Chemical 
Education, 27th Two- Year College Chemistry Conference, 
St. Louis, October 29, 197), 

Junior colleges holding memberehip in the 1970 American Association of Junior Colleges served as the nonu 
anon for tlus study. A letter and accompanying card were sent to each junior college i^S,^ ^ orde to oSn 
f I'^rf. r '•'""''''^ ^''^ T'emberof the chemistry faculty was contacted by ca S and aUed ^o 

check If the first general chemistry course was instructed audio^tutorially For this stu7v ,n andrnh^,; i . 
mcai. the use of a multi^n^ceted. mulri-sensory system enabling the stucLtl " °" n^Si:"" ' 

behavonaJ objectives fo. each unit. The individuals utilizing the audio-tutorial aDDroach w^e tfnTf f ' 

ors^-S^^eLi^r"^^^^""^^^^^ 

fbllo^ r^S''"'' audio^tutorial programs in the two year colleges is illustrated by the 

2 4? ofule 662lr It '''' '''' ""^"=""8 ^^^"^ audio-tutorial instnicrion. 

2. 45 of th. 662 or 6.8% of the respondents utilized the audio-tutorial program, either parrially or completely. 

Pr^ably, the percentage incorporating audio-tutorial instruction in chemistry courses would be higher if the 
population had not been limited to the 1970 members of the American Association of Junior CollS^ 
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SYMPOSIUM 



THE CHEMISTRY OF WATER; ITS POLLUTION; TREATMENT AND USE 

The twenty-Eighth Two- Year College Chemistry Conference 
San Antonio CoUege, San Antonio, Texas 



Introduction: . . n *• «; i«„i,o^ „#. 

The specific area that was decided upon for this symposium was water pollution. We looked at 
water pollution from four different aspects-. (1) the chemistry of polluted water, (2) the causes of ^ 
water pollution, (3) the determination of water pollution, and (4) its treatment. We want to look at, 
both fresh water and at sea ^ater. Tlie talk.s will be followed by a panel discussion of four people from 
the junior colleges who will tell u^ more specirically how we can expose our students to information on 
the various aspects of pollution. 

Dr. E. A. Eads, Professor of Chernistrj', Lamar University, Beaumont, Texas 

The Chemistry of Water Pollution 

Natural surface and ground waters in the United States have dissolved, suspended and carried 
tile materials within certain concentrations as listed iii the following table: 



Table I 



Parts Per Million (mg/1) 



Type 


A 


B 


C 


D 


E 


Silica (SiO.) 


2.4 


12 


10 


9.4 


22 


Iron (Fe**) 


0.14 


0.02 


0.09 


0,2 


0.08 


Calcium (Ca**) 


5.8 


36 


92 


96 


3.0 


Mapiesium (Mg**) 


1.4 


8.1 


34 


27 


2.4 


Sodium (Na*) 


1.7 


6.5 


8.2 


183 


215 


Potassium (K*) 


0.7 


L2 


1.4 


18 


9,8 
11 


Sulfate (SO4-I 


9.7 


22 


84 


121 


Chloride (€11 


2.0 


13 


9.6 


280 


22 


Nitrate (NO3I 


0.53 


0.1 


i'3 


0.2 


0 52 


TOTAL DISSOLVED SOLIDS 


31 


165 


434 


983 


564 


TOTAL HARDNESS AS CaCOa 


20 


123 


369 


351 


17 



Equtvalents Per Million 



Ca** 

Na* 
K* 

TOTAL CATIONS 

HCO3" 
SO4'" 

cr 

NOj' 

TOTAL ANIONS 
From U.S. Geoloscal Survey Water Supply p»per 658. 
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0.29 


1.80 


4,59 


4.19 


0.15 


0.12 


0.67 


2.80 


2.2^ 


0.20 


0.07 


0,28 


0.36 


7.96 


9.35 


0.02 


0.03 


0.04 


0.46 


0.25 


O.J 


2.78 


7.70 


15.43 


9.95 


0.23 


1.95 


5.56 


5,47 


9.00 


0.20 


0.46 


1.75 


2,52 


0.23 


0.06 


0.37 


0.27 


7.90 


0.62 


0.01 


0.00 


0,21 


0.00 


0.01 


0.50 


2.78 


7.79 


15.89 


9M 



H„ TI '"""Sf s^toe Ion conoentratlons for surface and ground waters These dar, 

do no. mdude .he esluarial salinities of our coastal waters. When fresh wa.er S wHh sea 

s5w?°r^^ 

nmf I " ' P'-°'''«'" «^^'8"ed to natural waters in certain sections of the country Howev^ in 

some areas of our nation mine water discharges have bean a major problem 

NH * PO " rnV° the^standard methods of analysis for sucli Ions as CP, SO^ NOi 

Ja imS" f th^ " '^'"''^'y ^'^"8 ^i8"'fi^«nt concenia ion? ' 

^tc^rf * in^jn^ationlaineJ b^l^nl^f 
misSr^ "in cu^S^n " ^"^'^^^ ^" ^-'^^^^ -*hout written pi;. 

'trict^t;!^ ^^lll'^Y P"^f for trespassing on private property. Students would not be re^ 

many of the transition metal ions. Chromium(VI), Beryllium. Silver(I), Copper{IirNTcke m ZincHI) 

::d:^;'S^^j^~::;~ 

arsenic compounds. ^ " ' ''''"'^'^y' tetraethyl lead, and certain 

pH is not conclusive as a pollution parameter unless a body of water Is found to be verv acid or ex 

s^^^-i — ^ ^te ^= ::^^^^^l^~F 

^dissolved oxygen. Usually dischar^ which carry^ ^i^ ^^mo^^' ^" 

dissolved oxygen from the water faster than it can be absorbed from the air at the ^ace of the water 
^e aerobic bactena in the water uses the dissolved oxygen to live on and the o^anifwaks for f"od 
^erfeeding can remove more oxygen than would ordinarily dissolve in a balancefsy tern tien Zst 
of the oxygen ts removed, the aquatic animals begin to die. Ultimately all hvJJoS^ w^Sie^S 
cept the anaerobic bacteria and parasites which live in the absence of dissolved mSrLTL Temt.er 
ature is an important factor when one considers studies of bodies of water ^fSSJ^of^r in \v^e^^ 
i:^0:^=,j:t ~ - - - water. sStSer';^;; dis^^^ 



S' = S 



760 - p 

S is sdubility at 760 mm (29.92 in.) and p is tho pressure (mm) of saturated water vapor at the tempera 

:^«2^r£com:::"""^°"^ " ^rc. p c^ be ii^er^: 
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Table II* 

Chloride concentrations in water, mg/1 



»C 0 


5000 


10,000 


15,000 


20,000 




Dissolved Oxygen 


, mg/1 




0 14.6 


13.8 


13.0 


12.1 


11.3 


5 12.8 


12.1 


11.4 


10.7 


10.0 


10 11.3 


10.7 


10.1 


9.6 


9.0 


15 10.2 


9.7 


9.1 


8.6 


8.1 


20 9.2 


8.7 


8.3 


7.9 


7.4 


25 8.4 


8.0 


7.6 


7.2 


6.7 


30 7.6 


7.3 


6.9 


6.5 


6.1 


50 5.6 










•Standard methods for the Exainination of water and Wastewater, 


12th edition (196S). 









Tests for organic poUutants are generaUy unique. Problems encountered are initially analytical. The 
actual identification of the organic compounds has not generally become possible because of the rapid 
change in the composition of the orpnlc poUutants due to the Ufe processes which constantly occur 
within a body of water. ITiis observation has been true with water soluble pollutants and where insoluble'; 
are acted upon by bacteria, fish, and other life within a system. The organic content of a system is 
usudiy regarded as simply a system which devours oxygen (Oa) from the water. A method to measure 
this process is the B.O.D. (biochemical oxygen demand): a bioassay process where a sample is tested for 
dissolved oxygen, then incubated in a temperature controlled oven at 20^C for five days (up to 20 days), 
then retested for the presence of dissolved oxygen. When no dUution is used, the difference m the oxy- 
consumed by the sample is recorded m mg/1 of B.O.D. mm dilution is needed because of the higti 
organic load wWcIi would remove aU or most of the dissolved oxygen, a dilution technique must be used. 
A chemical oxygen demand test which uses chromic acid to digest the organic materials in the presence 
of mercury and silver catalysts is often run on sewage and industrial effluents. This is a chemical test 
which measures the amount of dichromate used by iodimetry recorded as mg/l of C.O.D. TTus test is 
more directly related to the actual organic chemical load borne by a stream. The readings are usually 
much hi^er than the B.O.D. 

Both of these tests require careful work performed under supervision. Many times errors are mtro- 
duced into the samplinp. Measurements may be required for legal documentation when evidence must 
be presented for defense or prosecution of a polluter. 

Several approved devices which measure or9,anic pollution loading are known as total oxygen demand 
(TOD), total carbon and manometric oxygen analyzers, 'iliey are in use in monitoring effluent discharges. 
These and other monitors are valuable tools, useful and necessary in preventing the dumping of pooriy 
treated wastes into the environment. At this point, it would be well to point out the research needs for 
the development ;>f more sensitive and precise monitors to prevent accidental discharges from reaching 

our air or water resources. 

Certain instances of water pollution identification may not require chemical tests. The isyy Ketuse 
Act may be enforced by observing and collecting a sample from a polluter discharging effluent, solid or 
Uquid which has been put into a waterway or waters adjacent to international waters. Prosecution under 
this act is performed by a U.S. attorney in a federal district court. Citizens may attempt to enforce this 
act of 1899 in a Qui Tam suit and collect up to 1/2 the fine if a conviction is Imposed. However, if the 
polluter is not convicted, the plantiff may be required to pay for the court costs and attorney's fees. I 
hasten to mention that certam federal courts are now requiring chemical analyses of oil spUls, chumical 
discharges, bilge and ballast discharges and many other pollutants pouring into our waterways, streams 
and lakes All of these discharges are sources of dissolved oxygen^onsuming materials with high BOD 
requirements, in some instances over 1000 mg/1, Surface and ground water should be within about 3^6 
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EX' "° °- ^-"-S" « being „ceived by ,he basta 

button to pollution In mlv LfcL 1T """" "^"'""S waters and their contri- 

ever, in other inrnc«„ardtchai^ mav afdTnT' ""7 ^'t ^"a-ges. How- 

in the ecosystems. ""'"arses may a,d a flowing body of water or produce no apparent change 

It niay be iuggested that polluted water h mp^^nt u/h^r, it - 

L Oil flhns following conditions are visually observed: 

2. Brightly colored streaks or black water 

3. Foam 

4. Odor 

5. No signs of life such as minnows, plankton or shore birds 

6. Stained shoreline with dead plants or no plants whatsoever 

7. The presence of dead fish 

8. The presence of trash, lumber, poles, boxes, cans and other foreign floating materials 

Leo NewlancU , Texas Christian Umversity, Fort Worth. Texas 

Chemical Analysis of Polluted Water 

stop OYf might it is neceswrv fnr „c tr. u J * j ^ ' pollution w U not 

reaLd thfa^^ e^vSem h aS' ^^'"V"' '^"^""^ ^^^^^ P^""*-*^ they have 

cleaned up It is o^mS^LJ^f uTI'Z ' mamtaining pure waters after they have been 

of a chenScal o^^p ySL " a^of th^L^^ S ^"^"^ ^ 

^.^uted.aterateeithe-^^^ 

poiiuSi^Se iSti:^is;s ii^^ ™ :s — - 

alsofe1^dSSe1^^n?;St^^^^^ ^^oxide could 

that vnu^uiri ^1 ^^o^fic/ ow« and this is probably the single most important determination 
tha you could make on a sample of water. If someone brought you a sample of water and sairthat vnu 
cojdd run one test and one test only, perhaps the best choice would be the d s4" oxygo. teft Nof 
unly does ,t pve you some idea of at least the amount of light that is present or could h. poSe Jn L 
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stream; it also gives you an idea of the state of some of the chemkds and some of the elements in the 
stream. It tells you in what form you might find nitrogen-in other words, whether you find nitrogen 
in a nitrate or as ammonia, or sulfur as a sulfide or sulfate. 

The fourth test listed is alkalinity and acidity. This is a titration that we run to determine the 
buffering of the water. Notice that I did not use the term "buffer capacity," because the buffer capacity 
in poUutional words is a mathematically-derived commodity. It is not something that you measure. You 
jneasure the parameters and derive it mathematically. . 

The fifth test, hardness, is just a measurement of the calcium and magnesium that occurs m the 

water, which we will discuss later. ,. , . u„ 

Test six is pH This is a measurement that, in conjunction with the dissolved oxygen, can be very 
important. pH does not really have as much importance in aquatic systems as it does m some of the 

other systems, principally soil systems 

The last test listed is merflfa. I have on this slide a listing of what I call water trace element^. 

These are subdivided into common elements, the scarce elements, and the rare elements. Certainly this 
subdivision is quite arbitrary and is the subject of much debate among researchers in the fieW. The_nice 
thing is that most of these elements can be determined analytically by atomic absorption. Those ot you 
in the two-year colleges who do not have access to expensive instruments mav detect these same metals 
by certain coulometric and gravimetric methods. So this is just a listing of wa . t 1 call the water trace 

elements. , . • tu 

The second slide shows a listini of the physical parameters that are torni'^Uy measured in the water 
pollution laboratories. Certainly this includes specific conductivities, f^v^.ds, both suspended and dis- 
solved give you some ider- ' the particular matter in the water. Turbidity, directly or indirectly, relates 
back to the solids because if the water contains hi^ amounts of suspended solids, it is also going to be 
quite turbid Turbidity is an operationally defined procedure whereby you pass a beam of light through 
the water and measure the amount of refraction of the light. Color is given by direct comparison to 
color standards. Temperature is very important from the standpoint of thermal pollution mA Ms effect 
on the wildlife of the water. The last physical parameter that 1 have listed here is odor. 

In addition to all of these, we have what I like to define as water pollution i) typv; lesis, and may 
Include many of the tests that we have already talked about. Certainly the tests nere include tgsto. 
odor and the suspended matter and color which we have already mentioned. I might point out that we 
are concerned principally with four forms of nitrogen in polluted water. We are concerned with ammo- 
nium nitrite, nitrate, and organic nitrogen. It is important for us to know which form of nitrogen occurs 
in the wRf-r We are concerned principally with three types of phosphon.s ortho. poly, and organic. 
Phosphoro'^ is a very important element to determine principally because of its direct connection to 
detergents and subsequent pollution. Of all these factors, the demand tests that I have listed here are 
especially important. They give us an idea of what type of demand the water may place upon some 
particular substance. The chlorine demand test is important economically because it may tell a wa.er 
treatment operator or a waste water treament operator the amount of chlorine he needs to add to a 
particular sample of water in order to erradicate or to affect the killing of any pathogenic organisms. 
We have talked about the importance of the oxygen demand test; it is subdivided into biochemical 
oxygen and chemical oxygen demand. . 

When waste is dumped into a body of v iter it can affect the depletion of the oxygen in one of 
two ways. It may deplete the oxygen supply either biologically or it may do so chemically. If waste is 
highly organic in nature, then this factor will probably exert a great effect on the biological demand of 
oxygen and will deplete the oxygen biologically. Huwever, if it is some reduced chemical, nameJy 
ammonia or sulfide or some other chemical, it i'. . Mng to effect a very strong oxygen demand chemically 
from the stream. One of the real problems is the fact that the biochemical oxygen demand is a bio- 
assay or biolopcal test and, as a result of that, is subject to all of the limitations and variations^ of any 
biological test. For most municipal waste you suspect that the BOD would probably be as high or 
higher than the COD. On the other hand, if you find a very industrial chlorimc waste, you might ex- 
pect the COD to be much higher. 

One of the recent tests, total carbon (sometimes called total organic carbon or lOL), is just a 
method of determining the amount of organic carbon present in the sample. There have been a large 
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matter that is in a bodf^f w^?^ ^J^^^^ ~i,y oxidi.able. Ml of the cranio 

chen,^^^:^ l,;'!™'^*^;^-- one of your m^or „ is how to relate 
tion. You should mclud/ln you ^o^Tl^e ""T '° *° "'^^^ ^hemistiy to poUu- 

them. Instead of talking about cheSs arn^av^" '""^f ""^'^''^ theories behind 

run calcium and magnesLm!^ n^EOTA^ ^S^hT' ' "^''f P^'^^P^ ^-"Id 

When you talk abouTresins and fesin clml ^ f .f" determining the hardness of water, 
calcium and magnesium with dS tS' J tal^^^?^* -P'"'"^ 
students about the chemical oxygen deS tiJ. 1 ^ u '^^ '"^^'^ "^^"^"> ^^Ik to your 
that has been reduced by a par^cuL was^ "''"'^^ '"''^^"'^ the amount of dichromate 

Dr. Dean Martin, University of South Florida, Tampa, Florida 

Pollution of Sea Water 

.Ka, fa person has had .h. oou,.e, h= do=s\now sletttag abom ' '"™'"« 

I do not propose to tell you what you should tparh Wnt t,« ^ ■ ' 
you might find interesting. I do not pronL^rn^ft^^^ '""t^"^' t*^^* ^ ^^ink 

the eight references on paga 1 yo" Sfindlt nf' t '^rf''^ 'oo^ at 

named Walt Kelley suggesSj i'n t^e comic s^t kl tl H. ' ^^^^ t'^^* ^ 

the quotation corLtlf waf-fo ests " f ' P""''^^'^ ^^es, if I can recall 

fl«s. wen, what is t^'^^i^^:::^, <^th^^«u:^nf^ wit^ 

vem is "us and it." We ought to know someth!:,g abou; It" us ^T^^ ^'""^ "^'^ ""^^ 
us. ^^^7Z:!^^^^^n ^* - -ter -: ^.t is in it. what is in it for 
Pollution." How dTwe use the sn^ff ^^i ^1?'' f"^^ ^'"'"^'^ "^'''^ Cnemistry of Water 
chloride, bromine ancTflsh^^'^^ ^^e^f^ T '"^S''^-' -diu. 

the things that are of immense in^oSance o us^ e^ ri^ ,^ ' f '"'^'^'^ '^'^^ '^^"^ 
of food. About four percent of the wrrM'ffnn/ f ^ Problems of pollution of the ocean and 
to last a lot longer, ^^^^^l^^^"^ ^'^"^ '""^ ^h*^ ^"PPlv "ot going 

two thousand n^lhon y^^' ^ th^^ 2":,?^^^^ '^^^ been around for about 

about 200 million years and irLs bein nrpHi.t h?v, ^ ^'^^"S^d ostensibly for 

Of polluting the ocwTthe o Ian 1 N^^ r'"*'""'' "^^^P P'^^^"* P^c« 

twenty-five years is a m ghtrSiort^^^ L^^^^^^ for something that has not changed for 200 million yea,., 

how it affects us. "''^ "^^^ characteristics of sea water and 

cha.cSri:i o/:^:^^ te^^tC ^£1^ « ^^-P'^-^-^^^^ ^^emlst. ,t seemed to me the 

:^~sS^:i;^i~^ The welgm^t^^SmyS ^nf ::L^-:s 
find tha'?herT e^^^^^^ f "^^^^od. As we improve our method, we 

na mat tnere are certam differences which become very significant. 

ocean" alut I20 330 *'n* 'h' " 1"' '""^^^"^'^^ ^'^^ The volume of the 

ocean ,s about 320^330 million cubic miles, depending on whose estimate you look at 
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What is one cubic mile? Obviously it is one mile long, one mile wide, and one m ie deep. 
S^a water let me tell you. is a very dilute solution, but if you take enoutfi of it there is a 
lot of saU Look at the magnesium. There are thirty million tons of magnesium m a cubic 
m le oft a waS Wiat doeTthis fact mean? It simply means that there is more magnesmm 
™irl^rS' we have ever needed in the past or will likely need in the ^^^^ 
future. Magnesium is a war metah Its principal producUon h^ occi^ed J^f ^ f "^^f^ 
Korean War let us say 1952, and during the Viet Nam War, about 1969. TTie peak produc 
S"„ething like 800 thousand tons, far from the amount of magnesium m a cubic 

TO^ImmeSty troubles us; dilution should be the solution to pollution. If all of m 
wast?ma«eTtSat we have or are likely to have were dumped into the ocean and mixed 
:^^Z^^ have no problem. In actuality, the mixing does not occur umfbnuly; 



uniformly we would have no problem. In actuality, the mixmg does noi o..ur ua. v.» 
nor^Tt mpid One may think of the ocean as b«ing a well-mixed system m geo ogical 

Now what does tL mean? It means that within a thousand f ^ f 

parcel of water that comes in contact with the atmosphere is thoroughly mixed. So, the 



ocean from our Hmited standpoint is not well-mixed. t,„,^ni«nkton and 

3. The ocean is a source of orgamsms. If one had a thousaiid pounds of Phyt°Pl*"^t°" 
had to eat the phytoplankton, he would do all right. Unfortunately we can t eat phyto- 
p an^^<^n afd so a Sod chain is involved. Dissolved plankton that emerge from a thousand 
~ f ^toplankton weigh about 200 pounds. The small ani^s tot ^^o^ed^ 
plankton represent a smaller body of material. The predato s tha^^ea^^^ 

Lally the even larger predators represent a much smaller ratio. If you lifted he top and 
wanted a tuna fish you could get about 1.6 pounds of tuna, contammated w.th mercury, 
from about one thousand pounds of the phytoplankton. ^ . . ^ . u - „ 

^e Wng th.t keeps the ocean from being a desert (and 80% of it ,s a desert having no 

Now I don't think they are producing oxygen that we are breathing, despite wnai you 

''"InhS bound organic carbon were involved in the reduction of sulfate by ^--^fl^'^'''^^ 

effect on the biota, then in a given chemical -vironment any.h.ng a. ° ^6 , tbon 

becon,es a serious problem. One 0 . he se„ons pt» 

rJXh::;"ir,^:;si^rra;:r„;:iT:im^ =n-ecf; . wh.. arrec i, this 

going to have? 
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We need a second model to define it. We can assume that there are two layers, an upper layer and 
a deeper layer in the oc^an. We can use a method of following the pathway of carbon by means of adio- 
a tive carbon tracer studies. Th, result is that in the deep sea layer the mean residence tLe of carbon 
dioxide IS in the order of five hundred years which means that it Is not picking up as much. In the 
surface layer alone it is in the order of thirty years, so we have a real problem. Carbon dioxide is pre- 
sumably increasing m the atmosphere. 3 F'c 

Dr. Peterson in "The EnvironmentaJ Science and Technology," in 1969 made some predictions One 
was a temperature increase of about four degrees. In tlic temperate climate we would have more rain 
less snow. In our area the sea water would rise about an average of four feet and we might experience ' 

SHn^M^^H "Jf ''"^"^ '•'^ P''°^"^« "^^'^ °"bon dioxide in the atmosphere 

We would find weather shifts and that the Arctic Ocean would be open six months of the year The 
nse of four fe^et in sea level could affect us in south Florida. We are at about 4-5 feet above sea level 
so we would find some serious problems. ^ ^1, 

We are faced, however, with yet another problem, thai of dust. As it turns out, the effect of dust 
IS somewhat in reverse. It is probably going to cool and cause a temperature decrease. Maybe these two 
effects will be balanced. We may be balancing ourselves in this way by pollution from carbon dioxide 

f '^S"' '''' '""^^ ^^^^ "^o™ information, howuvcr, before we attempt 

to nandJe tne problerrs. ^ 

fw ^ nu ' ""'"^ ''^"y ^^^^-^^ P°""^'s °f ^^^^ per day per citizen. Wh.re does 

ttus 10. Ultimately, I can assure you that it goes to sea. Can the sea handle this waste disposal'^ Let 
us worry about the oxygen resei^oir. Looking at three reservoirs=thc atmosphere, the deep layer of the 
ocean, and finally plants^there are something like 60,000 moles of oxygen per square meter of earth's 
surfacejn the atmosphere. That is a tremendous reservoir. As far as the deep sea layer is concerned it 

'l*"!; "'"''^ °f "'^ys*" square meter. Plants seem to be keeping' 

ahead of the system and there may be a net gain of about eight moles of oxygen per square meter What 
does tills mean in terms of the pollution? Let us look at the deep sea reservoir. Can the ocean take if 
If one dumped the entire product of land photosynthesis into the ocean, its oxygen demand would be ' 
used up at^ the rate of something like fifty moles of oxygen per square meter. One can say that in about 
five years the ocean deep sea layer would be in .erious trouble. If on the other hand we assume that 
there are 10 human beings, each has only about 100 kilograms of carbon as waste per year This annual 
oxygen demand is dumped into the ocean and Its oxygen demand would be something like 0 01 mole of 
oxy^n per square meter. When you divide that number into 250, it comes out to a much, much happier 

We are looking at about ninety percent of the ocean, or the deep sea layer, and that is really not 
the part we are interested m. We are Interested in the part that we can see when we walk along the sea- 
shore. We are mterested in the estuaries. Eiglity-five percent of the commercial catch in the Gulf of 
Mexico spends some porfion of its time either in Tampa Bay or an estuary not unlike it. Around 
ra^mpa Bay there are sewage plants; every triangle or every dock that you see here in this shde is a 
sewage disposal plant, and better than ninety-nine percent of them are inadequate. A tremendous 
amount of material is being dumped here, impurities of the type that have a deleterious effect. Not that 
they are using up carbon dioxide, but this stimulates other organisms=^an organism such as fungus for 
instance In hundreds of square miles of area off New Jersey there is some fungus that attracts and kills 
fish so that in this area there is an absolute desert, This is something that we have done. Presumably 
some unknown chemical that we have provided has sfimulated the growth of something bad In Lake 
Apopka we have stimulated, by the use of various nutrients, a fungus that attacks not only fish but 
alligators and any other organisms. We have upset the balance. 

How bad is it? In glorious or hideous technicolor, the parts that are colored are polluted- they are 
bad for swnnmmg and therefore bad for oysters. This much of Tampa Bay, all of Hillsborough Bay 
U d Tampa Bay, and so forth, In a nearby area, one was once able to find oysters. Now a person ' 
taking oysters out of that area would be fined by the state authorities 

nf "ately many of the problems are questions we don't have answers for. Consider the question 

of oil onlhe sea. How much of it is there? Right now we know that 700 million tons of oil are 
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transported each year. In theory if every ship crashed. 700 million tons would be adde4 to the sea. Tlie 
amount that is actually spUled and dumped is somewhere between one and one hundred million tons a 
^rl^fulLa^ ftte i' still in question; but it is on the surface areas where photosynthetic activity 
is at a maximum, and I think it is more deadly than we have been led to beheve. 

Here is a fish kill It is the sort of fish kill that one tends to blame on mdustnal firms. This parti- 
cular fish kUl was however, not one caused by industry. It is a fish kUl caused by red tide, a natural 

Of the plagues that was visited upon Egypt (^od^ 8.20, 21). Something nyer^ 
the occurrence of organisms that in large concentrations pve rise to discolored water. Something like 1/2 

biUion fish were killed in the 1947 outbreak. u u, fmm rtnmestic 

In Tampa Bay ninety-five percent of the phosphate that comes here is probably no* from domestic 
but f^om sourcL. or ^comes fiom phosphate sources that were there 't^he indus^^me. 

If you look at the amount of phosphate that has intruded into Tampa Bay at nearby Chf ^^^or 
and try to relate it to the red tide outbreak, you find an interesting thmg. Th, outbreaks occur when 
there is a minimum amount of phosphate. Now we raise our question again: to what extent does an 
S^dXmlcal mtroduced Lo the water aftect the ocean? m do not know, ^^^^f;"^^— 
rmilsborou^ County suggested that anyone who spits anywhere in the county is ^^^^^^^ 
environment I suspect that he was not too far wrong. I think this is an extreme point. The ^onserva 

would certlnly disapee with me. The people who say ^ do not have ^P~^^^>^^^ 
the other extreme. I would leave you with the thought that truth is rarely found at extremes. We do not 
know fully the mapiitude of the problem, but I hope that in twenty-five years we do not have a d,^ 

answeS^to these questions will be found In these references and other sources. I have offered 
you some thoughts. You wiU have to decide for yourself how accurate my assessment is. 



MR. WALTER OEOEKE 

TTie Treatment of Waste Water 



I would like to emphasize what pollution is. There are probably as many definitions «^ P«°Pl« 
would ask for definitions. I think of one that is commonly accepted: when somethmg has been done to 
r^water to m^ "t less desirable for some purpose, then this is pollution of the water. Now this covers 
fm:Jkde of sins, from taking the paint off your boat to killing fisl. 

built your summer house on to the color of red. This is certainly pollution, whether it kills any fish or 

Pollution can be broken down into several forms; for example, disease-producing 
materials. (By toxic materials, let's not use the newspaper definition. Here any time ^ f'^h dies he ha 
been poisoned This is not necessarily true. If you remove the oxygen, he smothers. If you remove his 
fooS Sply he ^ves to death.) Toxicity is something that some of my predecessors were much better 
ve^ed in than I am. As I understand it, it is anything that enters the cell of a creature and kUls it by so 

^°'"^en there are physical changes that may be caused in the water: pH chwig^, inorganic chemi^s, 
and or«nic chemicals. I think this covers the list pretty well. Pollution is basically the^ change in he 
Wota fme water If there were no change in the biota in the water, then you would have no pollution. 
' Hive on Seston Bay, and a lot of plant effluence and city effluence are dumped mto Gah^ston 
Bay Tlie oxygen depletion in Galveston Bay is due to the entrance of materials commg from the^e 
t and so^i is from septic tanks. If this material were kept concentrated /^J^^ f 

Bay. a sewage treatment plant could be made to destroy this organic matenal. pH could be regulated. 
Thp nnthnnen^ could be kUled, and this could be done in many small areas, 

^1^^k^J:^rricula of two-year colleges, but if you -^^r^ding any bio^g^s^s^^^mt 
them toward ecology and not the traditional taxonomy. Right now m the water treatm^en busmess a 
Srisuf vf^uMful. You can have the most beautiful analysis of slime,or >"dustnal waste and you 

bS a 1^1 of from seventeen to seventeen thousand Greek names. THat biolopst doesn t know whmt 
one sh^gle,tlitary o^^^ bup does!=-what he eats, what he puts out, whether you want hma or 
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has to be put on eco ogy mn^'^'"'^'^!^' ''"^ unda«,and. Th, emphasis 

other and the water. ^ ^ relationship of these little bugs to each 

You J' ^"^^"'^^ ^" tha water are aec,in,atl.able. 

strain of bup tomoiro^^ l^v^^^^^ an ^^^'^'T^ breed a 

of population biota in water is r^pSlu^n lnJ^f ^ Tt^" examination 

water, in good water we havf a^Me rfi^twh ""f^f^^^ has not yet been mentioned. In well 
those conditions, food su^Iy e^er^u " ^"wl, oa f JT'"' ^"""^ 
food supply. TT,ose ^^o^n^mV^^^ ""'^^^'^ *° ""''^ their 

get better. In good water you have a wWe nu^hi f ! " ' ^ 'P"*' ^"^ conditions 

a hi^er total ^Pulatlon but tL kindr^ bu^ f '''P'' °' '"S^' ^" P^""*^^ you usually have 

our pilot Plant work. Of course yoflo not fet fJ'^''; ^""f""'' *° ^« have noted this in 
kind of critter In a water treatment nl f * I ^ u «"de will show only one 

them the best kind of^are ^1 1 wfJ ^ 1 ^'I' ' '^"""*«8« that you can acclimatise. We give 
acclimatise «!cmS^I "^ncUU^^'^"' '^"^"•"^ ^"^*hing about them. TT^ese anilals 

River in about two hundred years ago when the 

was decided that someth^g 1^^ o be d^^^^^^^^ that one could almost walk across it. It 

thj • it was the lack of ox^Vl^r^^^l u ^ ^° ^"^^ ^^o it was, thou^t 

slits of taking some carS nLil h f -. f " ""hat was looked at. Now the BOD test con- 
dry chemicals tMm^^^Ti^''f ^^t^'" -"-"t^ of various and sun- 

municipal treatment plant and pu t inhere H ? ' ''""P'* °^ bacteria, a seed, from the 

before? How many ofTherever aw a^-^^^^ ™ny of these bup ever saw a seed phenomenon 
about one hundre/thouS n^ri U *^^t°"'- ^^^yl acetate? There are 

almost hour by hou , y^^if 2^"^^" ^^^^^^^ the plant. If you titrate your BOD's 
and then slowly increases s^ hafit hecnm.f f ? °''^f " Practically zero for a period of time 
you get anoth^ ^aSrU«.'nS ^^Swo^cis t"''^ ^ ^^'^^ ^ 

eS^g ^e J^r;^;^:^^ -ome^;- S IttSria^r J^^n^tS^ 

Presumably you don't take anvl ' f ^ * "^r.*" ^ PP"' °^ ^0 ^nd you cut it down to 2 ppm. 
wondering'about oxyg4 S^^^^ ' °°„1'"^. th«" two. So what keeps people tm 

are killed or inactivaS by a dmo nf that m a laboraton^ some of these varmints 

you have to ^ti^^ t wcS^bf ^^^" Vh ^ "'"P* ' ^ PP'" ^^^P ^" that bottle. Then 
waste and design ! m^p^"^^^ ^ ^ P't h ' '^^'^ human 

you don't have the two hLt^r^TT V "t you can't do ,t with industrial waste, because 

often to bSVpLm S.ar^^St~^ ^^"""^ ^^^"^ too 

SMALL WATERSHED STUDIES: A USEFUL METHOD FOR DEVELOPINr 
ENVIRONMENTAL STUDIES IN THE COLLEGE CURR^CU^UM 

Frank W. Fletcher 
Susquehanna University, Sellnsgrove, Pennsylvania 1 78 70 

^'^tZ^Y^cT 'f^'' *° Environmental Eduction Sy..posi..n, 
29th Two- Year College Chemistry^Conftrence, Boston, Massachusetts, 

¥nyi^::l^:^^^^Eu^,:^'^^^^ r^^^ i-tructlona, - for developing 

^interactions with - 0^^^:=^^^ 
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and Ufe. The chief emphasis of environmental science is on systems: tying together the myriad elements of the 
physical world distinguishes environmental science from science as a whole. 

n,» present environmental crisis signals the fact that the finely adjusted mechani^sms of ^^f^f^l^^]^' 
begun to 5 down: It is important, more now than ever before, that we understand ngorously the ecosystem 
processes. Quantitative information concerning: 

1. the distribution of chemical elements in the environment, 

2. their rates of uptake, retention, and release in various ecosystems, and 

3. predictive capabilities of the environmental impact on the above brought about by modification of 
ecosystamSj 

wiU be reauirai for a healthy environment. For those of us in the teaching profession the education of students in 
uSa^inTand appreciation of the interactions of ecosystem processes and their sigmfcance ,n modern 

society should ba a prima goaL 

Susquehanna University (in Selinsgrove, Pennsylvania) has assembledan i"tf *^"P»'^^^^^'^;,head 
bioloaists geologists a computer anaylst. and a regional planner to study biogeochemical cycles m a bmall watershead 
•^t nS I nS-ia. data derived from this study provides the foundation for mc^Uonng orex^"--*-* 
wito ^ct land-use changes such as clea^cutting, ftrtiUzation. pesticide apphcation, or urban development. 

This approach has proven to be a successful device because: 

1. A small watershed is a natural unit of suitable size for intensive study at the ecosystem level. 

2. It provides a means of reducing to a minimum the effect of variables of geologic input and losses. 

3. It provides a method whereby such important parameters as nutrient release from minerals and annual 
nutrient budgets may be calculated, 

4. It provides a means of studying the interrelationships between biota, select nutrient cycles, and 
energy flow in a single system. 

5. It provides a method to test the effect of various land^management practices and environmental inpacts 
on the basic nutrient cycles in natural systems. 

6 Finally, it can serve to coordinate the science education of students, and, at the same rime, to provide 
a useful and needed service to the community at large. , , , ^ *rnDwr.TTFn 

THE ROLE OF SCIENCE DIVISION HEADS IN REGIONALLY ACCREDITED 
1Mb Kui- JUNIOR COLLEGES IN TOE UNITED STATES 

Harmon B. Pierce 
BurUngton County College 
Pemberton, New Jersey 

Presented at the 29th Two-Year CoUege Chemistry Conference 
The Franklin Institute of Boston, Boston, Mass. 
Concurrent Section, Saturday aftemoon, AprU 8, WJZ 
(Study completed at the University of Mississippi, March 1970) 

TTia purpose of this study was to examine the role of science division heads in 
public^^a^^nlor colleges in the United States. The study was restricted to those colleges holdmg 
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regional accreditation as of February. 1969. and to those having the divisional organizational structure 
»munH^nif f r ■ examined in terms of personal data and back- 

^ound, role deflmtion; selection, appointment, and status; general activities and responsibilities; adminis- 
tration; teaching; instructural evaluation; greatest obstacle to effective role fuimiment; and chie^' -^^tisfac- 
tion in serving as science division head. " . ... law 

iuninr Jn^^^ I'r ^"^^^^ differences and similarities in the role in public as compared to private 
w^h .if ? - ' ' . for interregional differences and similarities in the role. The data were also compared 
with the division head 's role as outlined in junior college faculty manuals. o nparea 

Procedure 

Procedures used in this study were as follows: (1) A preliminary survey instrument, mailed to the 
deans or presidents of 600 regionally accredited junior colleges, was used to identify 343 olleges hav ng the 
divisional organizational structure and to obtain the names of the division heads/ (2) A five^e 6wlm 
que_st_K,nna,re was used to collect data in the principal investigation. Usable returns were receLd V^m 
-S5 (83.1 percent) of the jumor college science division heads in the study. Public junior collepe science 
S^rf ^ f l P""f * °' ^'"^ '^^oni.nU. (3) The usable, Lumed qiestionnS w^r 
tabulated by hand and the results reported in narrative and tabular form in terms of percentages. 
Findings 

The findings of the study are summarized as follows: 

• ■ I" general, the role of science division heads in accredited junior colleges in the United States 
IS relatively uniform from region to region and among public and private colleges. Some major disparities 
in the data did exist. Markedly lower salaries were paid respondents in private as compared to public 
junior CO eges, and regional salaries were lowest in the Southern and New England Associations: Public 
junior college science heads spent more time on administrative duties, administered larger budgets and 
supervised more teachers than did respondents in private colleges. ^ . 

fM s ^' ^^f ^cience^division heads in this study were officially designated by their colleges as teachers 

w'^^u J!??' administrators (30.5 percent). TTie respondents viewed themselves as pri- 

manly faculty (59.3 percent), but believed their deans (59.7 percent) and their faculties (56.8 percent) 
viewed them as having a status somewhere between administration and faculty. 

3, Data indicated that while junior college science division heads often shared decision-makinE 
power m a vanety of administrative-decisions, they alone seldom held the final power to decide in such 
matters as taculty hjnng, retention, salaries, promotions, and the size of the divisional budget 
=,^n. f hV'"° "'^^t "sed by respondents in evaluating divisional instTUction were encou^ 

aging taculty to make self-evaluations and classroom visitations by the chairman 

had tenehiJa1n°H^!;**^^°'° ^"T^ ""'^ "^^^ctive performance of their assigned tasks, 

had teaching loads that were too heavy (67.0 percent) when compared to the amount of admimstratlve work 
deman^d of them, and were critically short of time for reading and research intheiJ^e^S S 

6, The three responsibihties most often mentioned by respondents as making the greatest demands on 
their administrative skill were: the handling of human relations problems, class scheduling and assignment of 
teachers, and budget preparation and administration. 

. r J;, J*^® obstacles most often mentioned by the respondents as the greatest impediments to effective 
role fulfillment were : their inability to gain and maintain the trust and confidence of their teaching 
staffs, lack of time, and trying to f«r'rill the dual roles of administrator and teacher 
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AN INTRODUCTION TO THERMODYNAMICS 
J. A, CampbeU 
Department of Chemistry 

Harvey Mvf "rtoge 
The Claremont O . ■ : /i, irwia 91711 

ftepf'M tot PubllCBhc;, " >' " , ttutry in (he Two-Year ColUge 



Thermt dynamici as a word for students is a disaster; too many lettert, too many syllables, too 
many Greek stems. As a subject, the disaster commonly deepens: too many equations, too pure an 
approach, too much rigor (often, intellectual rigor mortis). Paeons of praise to the power of the 
subject are usually foUowed by palUd problems more puzzling than penetrating. And so the student 
reacts "phooey." Perhaps we confuse rigor with clarity, purity with reaUty, lope with psychological 
^ff0Ctiv$ii6SS* 

A partial insist into the "lope" of present thermodynamics comes from the chronology of 
"discovery" of its four laws. The second was discovered first, the flnt second, the third third 
(hooray), and the zeroth (how's that for logic) was stated last (and still is not Usted in many treat- 
ments). 

As with most ideas, thermodynamics grew as a means of coordinating human observations, 
simplifying their interpretation, and predicting future behavior. We teachera could well use this 
triumvirate of traits as a goal for students. 

Since all who read this will have been exposed to some thermo, let me briefly outline a suggested 

treatment, then amplify. ■ • tu 

Life is a system displaced from equilibrium, and mmm must be used to maintain it. The 
more complex the life the more energy is required. First accidentally, then casually, then increasingly 
s •stematically, humans have explored energy uses and sources, TTiey learned to maintain a fire for 
heat, to use the wind, and waterfalls to do work, to make fireworks and gunpowder, to use flre to 
do work, to control a large number of energy sources to do work or provide heat. By the nineteenth 
century it became clear that some quantitative relationships existed betweer '-r^*. vvork, and the 
energy required to generate them. 

Quantiiative measurement requires that some things be unchanginp, iA. fru,ii Jion of length 
(e.g. a metre) requires a defined unit (e.g. a metalUc bar or a fixed wavekngih uf ISght). But if 
everything were faxed and unchanpng there could be no measurement, indeed, one of the main 
uses of measurement is to study change. The study of change, in turn, is greatly siinplifled if some 
quantities are conserved, i.e. they are unchangfd in, amount regardless of the ciiangs. Most measure- 
ments combine these three elements: units, change, conservation. Were everything conserved there 
could be no change; were everything changing there could be no measurement. 

The present framework of thermodynamics describes change in terms of an intensive quantity 
(temperature) which becomes the same in all systems which are in contact (zeroth law), an extensive 
quantity (energy) which is conserved (first law), under defined conditions (isolated system), and an 
extensive quantity (entropy) which always increases in any tolal change (second law) and which is 
zero when the temperature is zero (third law). Within this framework there are two main approaches: 
one based on observation and interpretation in terms of bulk properties (classical thermodynamics), 
and one based on molecular properties (statistical thermodynamics). The two approaches are now 
completely consistent and may be used interchangeably depending on available data. Both concentrate 
on the relationships between energy, heat, work, and temperature and interpret changes m the frame, 
work of the four laws. 
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There has been considerable argument as to whether therinodynamid ideas can be aoDlled 
fcwS^J""* ^ accumulated experimental evident is nowt^g^ ho^ t^t 

fn,v" r -^T^"' appUcation. Experimental evidence on living ^stemnrriinr 
in size from single cells to a tropical rain forest are as consistent with the four lawfnfTJrm h • 
as ara measurements on non^Uving systems. Since students tend to be more int«^^^^^^ 
non- mng systems, ,t seems reasonable to tn. to teach thermodynamics from to fmore TntS 
point of view. Learned m this way. thermodynamic knowledge mtv well prove mo^lnteS 1 
more valuable, and more readily retained and used. " interesting, 

Growth and Conservation 

"®"'f - °f systems. Observation of bacteria for 



cell + 2 cells. 



(1) 



(2) 



ceUs quidcly become indistinguishable from the original cell and one might be tempted to 
modify the idea of spontaneous generation to say that cells reproduce indefinitelf by L3n« new 
ce^ ar^ remaining uncl^nged themselves. It was quickly dis^ver^. howe^ tat cITSjSy 
F^theln'"^^ °' 'f^f"^ °' temperature and chemical surroundings (food o nStsf 
Furthermore, the process of cell division is found not only to require food but to pr;duc" S eal 
wastes. The production of chemical wastes is also accompanied by the production of heat Th^f 
a more complete description of cell division would be: e proauction ot heat. Thus 

cell + food ^ cell + cell + waste + heat 

If each new cell is identical to the parent cell we may write 
Net Growth Equation: food = cell + waste + heat. (3) 

If the Uving system is merely malntainuig itself, with no net growth, we can write as a 
Net Maintenance Eqmnon: food = waste + heat (4j 

A common food is carbohydrate and for its use we can write 

Net Carbohydrate Food Equation: (C,H.oO,)„w + 6nO,(,) = 6nC0a(g) + 5nH,0(„ + heat. 

If we make measurements for cellulose, a well defined carbohydrate, and let n - I for a mole, we get 

N.t Cellulose Food Equation: C^,^,^ + 60,c^ . 6C0,(a) + 5HaO(g) + cal. (6) 

I measurements show that net equation (3) is completely consistent with the conservation 

laws of thermodynamics. To be specific, atoms, mass, and eneriy are all coi^emT 
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we see .ha., in chemical .e.ms. .he ori^M, ^^fZi::^^rLX ^^"ro'ct 

The ortgl-a. cel. provide, a Paft/o^"™. « '"^S 'e'Slt me'ans .ha. ever, 
if the conditions remam favorable. Favorable J^^'^-^ "„ hevond a well-specified r ins>% and that 
nutHent must be present,, hat 

the wastes must escape. For eKampie, uie ue v „erform its catalytic ,'uncu jn. If 

and eventually exceed the range in which "^f"^^^ ^^f^^^*^'l diminish in frequency 
heat and wastes do not escape, or all nutnents are n°t ^uppUed, cell ^ ^^^^ 5 000 

and finally cease. The cells may become dormant. " *f f , common 

years has been found in plant seeds. Death me^^mg 1°^^ °f are interdependent. 

Lult, especially in muUicelled organisms where d^ff^^^^^P^^/^c^^^ by the conser^ 

The evidence, then, is overwhelmmg that l*^""? ^^^^^yj^g ^^^^^^ specific require^ 

vation laws, but it is equally important to «™">ber \h » hvmg f^^^^^ ^/food. One 
ments for nutrients and for waste disposal. Why is this? Conwder the^^^"^^ - 
requirement is that all the necessary atoms be Present n the food^ ^^mce f bo ;^y ^ g 

nitropn constitute the greatbulk o^ hv^g ^''^^^^^ ^^eet. (But do note 
the earth, and the waters upon the «"th^h.s requirem^^^^^^^^ . ^ ^ determined 

that the total population of all living systems m a P"^f ^' " tiU ^t d Thus, available 
by a limiting amount of am of these atoms, or ^f^^^^^j^^^f populations.) A 
nitrogen may Umit ocean populations and available f °^P*^°™^^J™^ such that 

more stringent food requirement is that the "»tf«"V^f on H,0. CO, 

their net conversion to new cell matenal i^^'^'^^'^'J^^ See Secules suitable for 
and N, alone since there are no reactions among ^^^^ .7!"* "^/^h^^^^^^ make 
synthesizing living systems with the ^^T^'^f^^^ HoS and/or to high 
^ch reactions possible by utilising photom ^^ich ^^'^^^^^'^ "^^^^^^^ Hberate heat, 
energy states which can then react to produce f'f'^^^^^^^^^um m^^ appears 
ForTxample. in the photosynthesis of ^^^o^ydrnt^abo^^^^^^ 
as heat. The balance is stored as chemical bond 
hydrates as shown for the formation of one mole of CaHioOs m tne 

Net Photosynthetic Equation: 

cal (photons) = 6C0,(^ + 5HA^ = C.H,.0,„ * 60,^) + «1 (hea.) 

. sUll - — ...eme^^^^^^^^^^ -"^J: .11^ 1^ dC ' 

rs::r(«,n™rXcor^^^^ 

differ. Humans do synthesize "laltaM.. vvh«h ^^^^^ S,d S«»' °" 

cannot synthesize any * 't^o svi.*s^e an enZe capable of converting ceUulose 

£rrfot Sr SreZS brr.rr.iryou e.oy a stea. 

or hamburger, or (as in some countries) a termite patty. 
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\WiJ^ must thus ncet three criteria: 1 ) it must contain tiie atom, required to synthesize tlu- 
iving system; 2) it must react within the system to produce heaf 3) It mist react h f h ' . 
.n the living system, All these criteria are consister^f with tho t^^nlol^^i^^J^f 

Conservation of Mass and Energy: In any total process the mass at,d the energy ramain constant 

in amount. Corollary: In cheinical reactions the nuniber of each 
Kind of atoms remains conslaiit, 

Example. Add equation (6) to (7), nothing that each is the reverse of the other is far as 
atomic transformations are CTncerned, 

f^e. Cellulose Food Equamn: C,E,,0,^ , 60,(,) = 6C0,^^ + cal (heat) 
NetPHotosyntHetic Equation: cal (photon) . 600,,,, . 5H,0(,) = C,HM ^ 60,f,) . cal (heat) 
Sum caJ (photom) = cal (heat, energy, mass, and atoms are conserved ^g) 

Reversibility and Living Systems 
Hie photosynthetic syntiiesis of cellulosB and its deeradation is FnnH tr, rn „4 u r- 

^^t Reversible Eciuaiion: C,n,,0,^ 60,ca * 6C0,w + 5H,0(g, + cal 

^T^uS^ " ' > °' ' P""^^ °r discussion bu t 

IS a succinct summary of thousands of independent expenmental observations on cellulosp qv^tPtre 
^gardless of ^vhether one studies the synthesis or degradation; he ob^ives ^LTatc"f mass ami 
energy are conserved. Equation (9) is merely a highly condensed way of presentfnsTh; ^ 
observations. The quantities of atoms, molecules, mass, and energy pro uced S ^ ^ 

lnf^"T"T ""l '""''^ " fup When the^ve^ Se occurs 

n fact, all reactions have this same property of reversibihh, and every chemlca eouation 
ac ually represents two chemical reactions: a forward one and a reverse on^. ^^^^^^^^ 
v««, oxygen to produce water and energy, but the same amount of wat^decoSs^s S hidd en 

oxygen when that sarje aiiiount of energy is supplied, e.g. in an electrolysis exp'^^ nt W? 
may thus again represent both reactions by writing a single expenment. We 



(9) 



Nft Reversible Equation 
2H2 (g) 



2H^U) + Uekcai or llfikcal + 2H,0(/) * 2H^^^ +O^(g)(10) 

Which equation one vvrites depends on the direction of the change he wishes to describe but t'-e 
^ h^mvolved remain unchanged. To repeat: all chemical equations described" a 
h i '"^ conserved in any total change the a uantltle. 

Of Change. Every dlrecti^nifaSm""^ 
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A common response to this last statement is. "Nonsense, t 'd like to see you reverse the frying of 
an egg." A good point, but the key word is "you," not "reverse." I cannot, of myself, do it. But 1 
can get It done merely by feeding the fried egg to a chicken. A nice new egg will result which wil! he 
essentially identical to the earlier one in atomic, molecular, and energy content. Wiien one thiiiks he 
has discovered an irreversible reaction it is a wise precaution to ask where his reactants came from. 
Most commonly they were synthesized at some past time from products such as he just made. It might 
help to remember that a chicken is an egg's way of making another egg. Similar cycles abound in other 
living and non-living systems. 

Direct evidence for reversibility is obtainable in many systems. Heating water causes it to vaporize, 

cooling causes condensation. So we write: 

10.5 kc-il + HjOc/) = HjOcg) (IJ) 

Heating an aqueous solution of table salt, NaCl, saturated at room temperature causes salt to dissolve. 
Cooling causes salt to precipitate. So 

Cal + NaCl(s) 'Na*(aq) + Cl'(„q) <'2) 

And so for every reaction. Any chemical change can br seversed. The relative imounts of atoms, jiiasses, 
and energies will be unchanged. 

Dynamic Equilibria 

A well known concomitant of the reversibility of chemical reactions is the existence of chemical 
equilibria. When a set of molecules is sealed in a container amounts of atoms and mass will be observed. 
Molecular collisions will occur, new molecules will form, old ones disappear. With a large number of mole 
cules colliding over a long enough period, all possi! ^'Js will be explored, Some wi) more long-lived 
(stable) than others. The concentratioiis of the ! Hv ' stable species will be largs m those less 
stable. But even the long-lived spedes will occas; dergo so vigorous a colli *iat they spht 

apart into shorter-lived species. Eventually a statu amic equilibrium results^ y ble species 

are present and reacting as can be demonstrated by isoiopic tracer experiments. Each "forward" reaction 
occurs with exactly the same frequency as its own reverse reaction. The relative concentrations r am 
un<;hanged. Consider a 

Generalized Dynamic Equilibrium: 3A + 2B J 3C + D (13) 
It can be described using its 

^ „ [CP [Dia n4> 
Eqiiilibnum Constant Expression: K - JaJMbF 

Equilibrium constant expressions are always ws.iten in terms of soitib function of the concentration 
Of each molecule involved in the equation. Square brackets, [, ], refer to concentrations in moles per 
liter. Each concentration is raised to a power, e.g. fC]^, equal to its coefficient in the chemical equation 
describing the equiUbrium, e.g. 3C. By convention, the concentration terms of species on the right side 
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of the chemica equaaon (the products) are placed in the num.mtor, the concentration terms of 
pcc.es on the left s.de (the reactants) are placed in the d.non- .tor. The value of rfor ^y 
temperature ,s fixed an concentrations will .ventually read, values which give the ^m^ncal 
Mue of rhe ec,u,Ubnum .nns.ant when they are inserted in the equilibriun, constant 

f i^^^^K^?' ' r " '"1°'^' "'^^ ^^'^-^ *° right tow4 equnibrium. 

u greater than K net reaction proceeds to the left toward equilibrium 

Equilibrium constant expressions can be written tor any system for which a cherr ical 
^emo.'^Jfrif • ^f'"«^°f Kcan be deternuned by direct measurement on the equilibrhMn 
system or from .he thermodynamic properties of the molecules involved, assuming these propeuS.. 
have been measured. We shall return to evaluating K later. propeu,.. 

Equilibrium nnd Living Systems 

Most parts of most living systems are displaced from equilibrium, so direct calculations of 
eq^uhbnum conditions do not describe ^he systems. However, quantities like the pH of physiolofiical 

bnum^^co,' . -■,„. expressions describe the systems and their behavior quite well 

^rr.. r °" - "'"'8 d'^P'aced trom equilibrium. In fact their 

ropeitw. OS Changs such as growth, reproduction, organ function require that they not be at equili- 
brium. Atter all, chemical equilibrium, though dynamic, can involve no net change. Yet hange 
innate in all Imng systems. In fact, when equilibrium comes to pass in any large measun. in a 
^..f system death usually ensues. And, vice versa, death is followed by a large scale increase in 
eq :a in the system, 

b. rJ:^^'T f'^'^^'^l ^ equilibrium. The simplest one can 

be readily understood m terms of the equilibrium constant. Concentrations of reactants appear in 
'^t^nT to decrease as equilibrium is approached. Living systems, therefor., operate 

bv ^l^t T^"^ T f r'' '""T'' '"^'^ *° equilibrium values. They do this 

b> cunstant or periodic feeding (depending on their reserve storage capacity for food) and by sto ng 
enough ood internally to tied over short external food supplies. The camel's ability to survL for 
^ °' is wen-known. Humens also have re.r, vc stares. For example, glycogen 

bo^ Itourr''" ' T be converts to blood sugar, glucose, to maintain its concent;alon well 
cT^^^^^^ f \r ' ?T ' Similarly, the diving marine anim ds 

can store oxygen for their extended underwater excurs/ons, which sometimes last an hour You might 
consider how much oxygen a whale must store for a 20 minute dive 

A second effective way of avoiding equilibrium is to keep product concentrations low, as you 
Should see from their appearance in the numerator of K. This is net quite so simple as keeping the 
mm^ reactant concentrations high since the product of the first step in a series of reactions becomes 
the reactant m the next step. Since xh.m may be 10-20 steps in a totf I reaction sequence (say from 
glycogen to carbon dioxide) the system must control intermediate concenira tions at each step so 
they neither rise too high (and reverse th. proceeding reaction) or fall too low (and prevent the next 
step). This problem is further coinpiicated in that enzymes (as with all catalysts; catalyze both the 
torward and reverse reaction for each equation. 

One m^ethod by which concentrations of intermediates e n be controlled in enzymic reactions is 
called allostenc hindrance. In this mechanism the enzynie not only has a site which catalyzes the 
conversion of product to reactant, it has a second site where the product molecule can adhere and 

doing, deform the catalytic site and diminish its catalytic activity. Thus, as product concentration 
o nrodu^rTi """h T^°* ""f T"' deactivating site and conversion of reactant 

Ln^f^H ^''.'^ ^"PPiy of product molecules until their concentration again 

drops as they are used up in the next step so reactivating the enzyme for the first step. This control 
system can maintain the concentrations of intermediates in a rather narrow range and prevent both 
piling up ot concentrations and reversal of reactions. 
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A second control method ib shunting to storage when concentrations Fise above optimum values. 
For .-unple. a "rise in blood sugar leads to glycogen formation rather than merdy mcreasing the rr • 
of oxidation of glucose toward carbon dioxide and water. If the concentration oi blood sugar rises 
so rapidly that neither the oxidation or storage mechanism can control the input, glucose shock and 
PQssibU loss of consciousness occurs. If glucose shock results, from such activities as eating maple 
syru. too rapidly, the lack of consciousness turns off the supply and gives the other mechamsms 
a Chan , -c to catch up. But shock is neither a pleasant nor safe experience and less dramatic signs ot 

satiati'in r.re better heeded, i it. t, n 

O . r control melnods designed to avoid equilibrium states also exist. For example, though all 
b'ldy ch. vdcal reactions can be reversed and many are, the reversal of teactions usually occurs at a 
diu'-ercnt site and k catalyzed by different enzymes than the forward reaction. Otherwise reversal 
could only occur if concentrations ehangrd by going through the equilibrium state, At equiiiorium 
the system is >.ow to respond because of the small driving forces and control mechanisms tend to 
be sluggish The use of adenosine triphosphate (ATP) as an energy source provides good examples. 
Cleavage of a P=0 bond in ATP to form adenosine diphosphate (ADP) plus commonly couples 

with and duves other reactions in living systems. At most such siies the ADP is quickly cleaved 
again to adenosine monophosphate (AMP) and removed to prevent reversal to ATP. The AM. is 
then re jonverted to ADP and ATP by a different set of reactions at a different site. Thus the 
ATP=ADP-AMP equiHbrium state is avoided. . ^ * ,u 

If you have apt close track you will have learned that Uiree of the variables determmins tht 
direction of a chemicui reaction (all of which are innately reversible) are concentrations ol reactants 
and product^ temperature, wn tl production of heat. We shall now explore more quantitative relation 
ships of tly.ifi and other variables. 

S;;,;jtf.iiS and Conservation 

tnergy, matter and atu s ...e rons. d in any chemical reaction but it is clear that these need 
not be conserved in every system. You c.i pour water in and out of r glass. Light energy leaves 
ihe sun. Trees acquire atoms and become more massive. If we treat ule glass, the sun, or the tree 
as the system of interest, energy, mass, and atoms are not conserved in them. 

Table 1 outlines a scheme .jr describing systeris which we shall find useful. It classifies systems 
dependii-: on whethet they do or do not consei ? energy and/or mass. 

System SYS, ref^ri to a region which is enclosed by real or imaginary boundaries and the 
fundamental question is whether or not energy and/or mass can cross these boundanes. Everything 
outside the . stem is called surroundings, SUR. System plus surroundings is called the uni%. se, UNI. 



Table 1 

Types of Systems as Related to Conservation of Energy and Mass 

Examples 



System 


Energy 


Conserved Mass 


Jsolated 


Yes 


Yes 


Closed 


No 


Yes 


Open 


No 


No 
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universe^ thermos brittle, chemical 
equilibrium 

sealed glass container, the earth 
unsealed cDntainer, Wctory, living 
system 



(if thTZ f '"t'^^P^^terf t^f'''^ loss and gmn of matter and energy 

Of the sy teni is open), or loss or gain o just energy (if the sy. .n i. cio.od). This is to say that 
niany oi tnc sy.tunis with wliich wo d.ai :,re open or closed systems. You have also learned that open 
and closed systems .must be treated in different ways. Compare an electric light bulb and a candl- 

S °T '"'T ^"'^^^^ '° set rid ofits combustion products and 

have acc^-ss to a.r whereas the light bulb filament must not have access to air. The light bulb r u r 
be mamtamed as a closed system, the candle as an open one. Neither couW en,it li«M !f it we^e 
isolated since no i:;oIated system can lose energy. 

Open Systems and Steady States 

open w^' tlv'n 7""^ n.ore difficult to obmin simple mathematical guneraliEations about 
open systtni.s than about closed or isolated ones. Tliis stems directly from the fact that less is 
^^'ZsfnT'w f ."T -^variables, One type of open system/of great Importance 

sy tcm , and energy enter the sy,,.n. in one form and Inave it at the same rate but in son.- other 
orn .toryis a good example. Raw^materials and electrical energy enter. Finished produces 

and L .ave. The factory remains essentially un hnnged at all times. It is in a steady state 
nH . ?f steady state systems. They take in air, water, food sunshine 

and c.mimate heat and waste. They remain almost unchanged. For e^cainple, weight may v ry^y a 

^und or ^ during the year even though about ten tons of air, R.od. and waler enter the bo^ ™,ly 

The rate of entry equals the rats of ehimination; the body is at .steady st.nte 

F-.rh n''" ' T^' characterized by a series of sequential reactions, aM proceeding at the same rate 
^ch one produces products which then react in a subsequent step at the same rate so their concent^tions 
do no vary wUh t.me. Mass and energy ent.r and leave the steps in the sequence at constant^and 
tqual r,...;s. The system processes and alters the form of the matter and energy but does not use ud 
or produce either one. Figure I represents the Hows and changes characterizi^ a st^y sta L^st^. 



Energy (1) Eb E, Ej Energy (2) 

Reactants ^ 

Products and Waste 

Massd) Mb Mc Md Mm (2) 



Figure 1. and Biargy Flows in a Stead^^ Rtnto System E, ^ - Eu ^ P - = p ^r,H 
- Ma - Mb - Mc = Mrt = M, r r nrasents energy flow per unit time and M 

represents mass flow per unit ti. .em is constant in time but has the net effect 

of convertjng E, to E, and M, r. series (3 through d) of sequential rBactlons 

all proceeding at equal rates. 



Many .ving systems exist close to steady states and a most importan : attribute of every living system 
s Its contuunng demand for obtaining food and for eliminating waste, botl> at the same rate Thp same 
dea applies to nations where the CNF closely related (assuming a close lo steady state situation) to 
3-oss national demands and to poss national waste. All products wear out and eventually become waste 
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Recycling 



The net effect of a steady state system is to convert reactants to products which (since all pro- 
duots war out) then become waste. Since no set of surroundings can contain an infinite supply of 
react >nts the net effect of a steady state system (itsslf unchanging) is to deplete the re;wtants it 
must have and increase the wastes that are useless to it. Steel mills use up iron ore, coke, and 
limestone and eventually lead to an accumulation of scrap automobiles, tin cans, etc. As iron ore 
becomes scarcer and more expensive operators of steady state steel mills begin to eye scrap m^tal 
(which is getting more and more common and, probably, cheaper) as a source of new stee_l. Ihe 
general public encourages this idea as scrap litter increases and becomes more and more offensive. 
Other steel wastes such as slag and stack gases are also attracting more and more attention. 

Communities of humans also require food and generate wastes. As the communities increase in 
size their waste production increases and food requirements become greater. Small communities can 
grow their food close by and drop their wastes almost anywhere. Larger communities tmd it worth- 
while to use as much waste as possible as fertilizer, to process sewage to pure water, and even to 
sort out scrap metals for further processing. After all, the atoms from the reactants are still in the 
waste X iiv not reprocess tnem to reactants and eliminate the waste problem? Why not recycle? 

Tlie idea of recycling is especially attractive if we recall that all chemical reactions are reversible 
and that the amount of energy required to reverse a reaction just equals the amount generated when 
»- occurred Whv not run each process backwards converting waste to reactants? We might model 
.rch recycling as that used in living syster.=s in the ATP - ADP - AMP ^ ADP ^ ATP recycling 
'^icussed earher. Wfe could run the steel mill from iron ore to steel and set up a counter process 
to recycle the scrap. Similarly let humans convert food to waste then set up a counter process to 

convert waste back to food. , j. j *u 

If we look at natural systems we find recycling is common. We have already discussed the use 
of cellulose as food, its conversion to CO2 and HjO and subsequent recycling to cellulose. See 
equations (6) and (7). For another example, rain falls as pure water, becomes contaminated with soil, 
waste and dissolved materials as it flows toward the oceans, then is reconverted to pure water by 
evaporation, cloud formation, and subsequent rain fall. In fact, a multitude of cycles operate in 
nature. Both energy, mass, and ...orns are coi-arved in these cycles, though di ...eut parts ot the 
cycles occur in widely separated 2->laces, 

Humans have been studying natural recycling for hundreds of years and have been explonng other 
recycling techniques for almost as long. You may not have thought much about ce as.r problems, 
but you actually are familiar with some of th-m. Why, for example, do we not .ecyrU aiu obi e 
tires'^ or shoe soles? or clothing? ^Vi., are bottles and newspapers more readtly recycled but stiU 
difficult? Why are cars difficult to recycle to steel pLite, and why are city dumps containing all those 
cans a poorer source of iron than iron ore? 

You miglit respond to these questions in many ways but your responses would certainly contain 
the idea that recycling tires is impossible because the t.ead has been "lost." So also for shoe soles 
and clothing part of the material is "gone." But with both bottles and newspapers not so. Their 
use leaves ttem essentially intact and the m^or problem is one of collection. But no^ the fundamental 
problem is the same with tires and bottles. It is that of collecting dispersed matter. The tire system 
is more open than the bottle system. Matter escapes more widely from tires, so recycling is more 
difficult with tires. A second problem found with tires and cars, less with newspapers, and still less 
with bottles, is that of contamination or mixing. Bottles need only remelting to give molten glass tor 
new bottles Newspapers when shredded give fibers for further paper goods. If the ink is removed or 
bleached the resulting paper is only slightly payer than the original. Tires and cars am so he^ero- 
geneous in content that separation into useful starting materials is difficult. The problems of collecting 
dispersed materials and sorting them into useful sturting materials is a major problem m recycling and 
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always requires the expenditure of energy so adding to the cost 

The rain water and cellulose cycles also must deal with the dispersal and mixing problem, but 
now he system is so large (the whole earth) that there is no loss of atom.. The c..rllf ac4T.luially 
as a closed system. Ot course, the atoms from a tire are not really "lost." they ji.s* leave th t 
The t,re system is small and acts like an open system from which atoms re S U^t^ r '- Jte 

St tl^e Ume T''''' " "^^^'^^ '''' °f ^'^^er natural or sy^^^tic Ser 

but the time scale is so long as to be of little merit in considering recycling of tires Closed systemr 

^ou;:: of s^^'^ '''''' ^^^^ but\oth'^qu-e°^i,u::r 

almo '"emS S'the^"''''' ''"'S''"' '''' ^"^ "^'^^^ "materials comes 

B I ow is it rh ? r J" '''S the rain water one. 

But how IS It tha sunlight is necessary? Remember that the amount of energy required to reverse 

n't -t n ''''T'"^' '"^f' '"^'^'^^'^ -"^'^ ^he forward rea^ioifoc^r Why 

caulcm t the earth operate as an isolated system and recycle its matter by recycling its eneroV^ The 
expenmental answer is that cycling of matter in the absence of net enerjy now ha' ne^^"len 

h^ problem of energy flov, ms led to the tormula of thermodynamics, some of the most widely 
apphcable and most simply stated ideas generated by humans 

^ wTJ^Tf^f.^ ^""^'''f '''"'""8= '""^^ t^"''^ *° '^'^P^"^ it tends to intermingle 
NX. We shall Imd that energy also tends to disperse but let's consider mass only fo^ a bit logger 



or mix. 



Efficiency of Recycling Mass {Mo^m) 



fractio T^^^ r'""'' f ' '^''"'^ '"'"^ "'"^^ ^"^ ^^at each cycle reelaims a decimal 

T^J:^ S earlier cycle, say f = 0.8, due to unrecoverab-e losses from dispersal and mixing. 

wmTo^ J th ''f r -/-f " ° ' '''^ ''''''''' *he first cycle. The third c>cle will' tart 
w, h 0.8 of the reactants of the second, ^; 0.8 x 0.8 of those in the first, and so or The n^h cycle 

am'Tcyi:l '''' ^''^ ^^^^^'"-'^ f^-^*- ^ -einal reactant ^ilable 




' = (15) 

if each cycle requires a time r for its completion then the number of cycles in totul time t will be 
n - t, r, and substituting in equation (IS) we get the 

Mass Recvcling Eqiiatimv r~ ft/'' 

^ ~ ' (16) 

^'!cf-;nt?''"?>!f''r!''^^ '"1 ' determining the .mount of original 

reactant, r, available after an elapsed time, t. t> ^ wnBindi 

inr JIn°f ^fT^l equation (16) you will find that lengthening r is usually more effective than 
increasing f ,f it ,s desired to keep r as large as possible after time t. Thus recycling cars (r = 7 years) 
produces a much larger r after 20 years than recycling bottles (r = 0.3 years) if f is the same in h'h 

cars hv r3 '".S'''"^ r °' ^ ^ ' '"^'^ "^^^^"^^ "^""^ t^^" decreasing the unrecycled 

h nf. ^ H f ' ^'-"^ '° ° ^^^""i "'^y be highly desireable but, unless r is rather 

mrgt. and f approaches 1, there is no enormous decrease in demand for new matsrials to keep r larg. 
Nor IS the rate of waste generation greatly diminished. 

Thus, mass recycling with complete conservation of mass might be possible in principle, but due 
to dispersal and mixing (here are always losses within each cycle. The amount of energy which would 
be required to collect and separate all the waste from any open system is%o great that mass "los. 
become mevi.able even though mass is completely conserved in the system plus the surroundings. 
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Ths Recycling of Energy 

The recycling of water in u space ship is probably as arficient in macs cycling as any pn;.:..s dcsii^red 
by h^' r one method involves collecting the waste water and distilling fresh water from . ,s^.yr 
nvolves eiectrolyzing the waste water to H, and O. gases then --'"^'-"S H^^; ; ^ ' 

shin oDerates almost as a clr ad, or even isolated, system, the conservanon o. watt., and cncr 
b ' bi^^hicved. Thus, uy car.f.a conservation recycling of hydrogen a";^;^^- V^.;- ^ 
U^c wsL can produce pure water almost indefinitely^ Can it also recycle tlie energy ^^^^ ""n 
the m^'l^rouBldy expired questions in science, both experimentally and theoretically. You you. 
self have accumulated a peat deal of evidence on this point 

You have dropped many objects. They may bounce a tew t.y ° 
is conserved hut you have nevor nbseived such an object to raise Useh its °"Sinal poMtian The 

not Lycle the ^em even though still there ^ A steamship moves ^burn^^ud 
nf whose enerav Dushes w . m aside ;nid heats the ocean. Biergy is conserved but you scolt at tnc laea 
or t^^m^ ^tnoth. .h,p the energy from the ocean. Bulk ob^ots in moUon g^e^^ 
heit bv friction and slow down, rut heating them does not restore their motion. Sunligl t allows a 
nhu tt pow producirfib and oxygen. You know that light will be emitted if the plant is then 
f,^m.i if thTs o^Ben but probably will not be surprised to learn that the energy of combustion ol the 
P n (thoS^t; i^l net eneiy absorbed in growing it) cannot substitute for sunlight in reeling 
H 1 rn Jh O into another plant. Energy is conserved in ail these processes, indeed m all total 

ocSes known^n te . e ye be recycled. Each use of energy in any process renders 

Sh™^ ^^v^^l^U useful in continuing or recycling the process. It is as though energy ren^ained 

--"rllJl^^t^l^ SriiuL^tith uJmay be interprete^in -th. str^ght^ard 

-e it^?;^yt:Sa ^S^m Slid ^on^^ 

^trin rand;::.\lirections, oscillating around average PO^^^ic^s Tl^r ndon, - - is caU^ 

heat and can be measured by the temperature rise m the dropped 

that the heat gain exactly equals the energy of motion of the falling ff^/'^^^^^ 
net bulk motion ..nto heat, that is into random motion at the molecular level. Steamships are a 
^^^u^oflictu n. ol^ model seems reasonable in saying that once energy converts into random 
molecular motion it cannot spontaneously reconvert into ordered bulk motion. 

^U^^al^^to t^degraltion of energy of the ordered motion of a dropping object into the 
vnned amounts distributed as heat among the cDnstitucnt atoms. 

T^rrwer to date is that no one ha. discovered a method for r .eycii-.g energy, and all the 

of different temperatures are in contact, and {4) the conversion of heat, q, , into work, w, is accurately 
described by the equation of 

- ^ = ^ (17) 
Thermal Efficiency: ^ ^ qi Ti 

83 

90 



Committee on Chemistry in the Two^Year Collie 

Division of Chemical Edueatlon 
American Chemital Society 
1972 Roster of Committee Members 

Chairman Williiim T. Mocmt-i', Jr., El Cftmino College, Torrance, Ch. 90rM>t 
Secfetify Robarl BurharTi, Grand View College, Des Moines, la 50316 
Edltofs Kenneth Chapman, Chemleal Technician Cumculum Project^ Berkoiey. Ca. 947^ 
Ellen and Jay BardQlg, Vincennes University Junior College, Vincennes. In, 47591 
REGION I - WESTEk^N STATES 

Armalrong* Mebel K., Lane Conimunity Collej.^ Eugene, Or, 97405 

Bsekari, Kent E., Palomar rollege. S^u Marcos, Ca, 82069 

Biever, Keith J.* Belle CommMnity CollegB, Bellevue, Wa, 980O4 

Bryi-e, C, Herbert, Seattli Ctntml Community Col! -p, Sea. je, Wa, 98122 

Decker, J. Smith, Phoenir College* Phoemx, Az. 85013 

Fohn, Edward C, Green River Community College, Auburn, Wa= 9SO02 

Hubbs, Robert R,, De Anza Collega, CupertinQ, Ca. 95014 

Lungstrom, Riehsrd A*, American River College, SaQramento, C? 95841 

Marcy, Eugene, Central Oregon Community College, Bend. Or. 9^701 

McWhinnfe, Campbell H., Caaper College, Caaper, Wy, 82601 

Sterner, Wanda, Cerntoi College, Norwalk, Ca. 90650 

Truiillo, Anthony, Bm Joaquin Delta College, Stockton 95204 

Williams, Gordon H., Montf>rny Peninsula Collegte, Monterey, Ca, 9.1940 

Wyatt, William H., El Pmo Community College, Colorado Springs, Co, 80903 

Weatover, Rois, Canada College, Redwood City, Ca, 94061 

REGrON n - SOUTHERN STATES 

Allisoii, Hafrison, Marion Institute, MaHon, Al, 36756 

Cheek, William E., Central Piedmont Qf ^munity College, Charlotte, Nc 28204 
Dunr^n, Hoyt D., Eastern OklahDnjs Si-. College, Wilburton, Ok 74578 
Edgair, Jam^ H,, Navarro Junior Colltge, Comcana, T%. 75110 
Elkin^t L Dean^ HenderiOn Conimunity College, Honderion, Ky. 424^ 
Griffin, William W„ Hinds Junior CDUege, Raymond, Mi^ 391&4 
Howard, Charl0$, Ban Aptonio College, San Antonio, Tx. 78212 
Husa, William J., Middle Georgia CoUege, Cochran. Ga, 31014 
Inicho. F. Paul, Hiwa#s#e College. Msdisonville, Tn. .37351 

Milton, Nina, St. Pet^^bi4^ Campus, St. Petefibu^ Junior College, St. Peleriburg, Fl, mm 

M inter, Arme P.. Ri>fi/fS State Community Collefe, Harriman, Tn. 37748 

Ringer. Udy^ti^ Chipc^a Junior College, Mailanna, FK 32446 

Sink, U.. Davidson County Community Con?r^, Lexington. Ne, S7R92 

Walj^r^, Pobby, Paria Junior College, Parisi Tx/ 75460 

REGiOi'^ III - MIDWESTERN §TATE§ 

Bailinger, Ja«k, Florissant Valley Community College, Utiea, Ny. 13501 

Blough, Aivin. Htsston College, Hetston, Ka, 67062 

Clouaer. Joseph L„ Wm. Rainey Harper College, Palatine, II. 60067 

Dhonau, Curtis A„ Vincennes Univei^ity Junior College, Vincennes, In. 47591 

Evenatad, Earl, Normandalt State Junior College. Bloomlngton. Mn. 55431 

Freymiller, Herman F., Midison Ama Technical Collegt, Madison Wi. 53703 

Hammonds, Cecil N,. Pens Valley Community College. Kansaa City Mo, 64111 

Heider, Rudolph L„ Mfram^ Comrrusity Coilege, St. Loui§. Mo. ^VM 

Hoffhr's, Chsrlea, Lorain County Community College. Elyria, Ohio 44^5 

Kotv routs, Mett^poiitan Campus, Cuyahoga Community College, Clev^kiid, Ohio W H 

I ^,.gh'j''^, ^thel, Western Campusi Cuyahoga Cornmunity College, Pann^^^ Ohio 44130 

,^":,ppr V'ftftnt, Blaek Hawk College. Molina, IL eiiW 

r^-. K '.:h^timf Parkland Coilege, Champa'lgn, II 61620 
IVc" *r Katherine. Geneiee Community CoFiege. Flint, Ml. 485M 
BMitua W » EA^riRN STATES 

Ayer, Hewi^^d A.» Franklin Institute of Boston, Bolton, Ma. 02116 

Baver, DdwgBis Mohiwk Vaihy Community College. Utlea, Ny. 13^')1 

Bohdanna, Mother, Manor Junior Collegei Jenklntown. Pa. 10046 

Breedlove, C.I? . Eockville Campua. Montgomei^ CoII^e. Rockville, Md^ 20850 

Bmwn, Jam^ L., Corning Cammunity College, Coming, Ny. 14^0 

Cued, My ton W,. Monroe Community College, Roch^ter, Ny. 146^ 

Fine, Leonird W.. Houaatonlc Community Cdl^e, Bridgeport, Ct. 06608 

Hftjian, Harn^ 0., Rhode Island Junior C^lege, Providence. Hi. ^08 

J^aneSr Opey D.^ John Tylir Communis Collige, Ch^ter, Va. ^831 

Mr^rtins, George, Newton High Schooj, Newtowrivillt, Ma. 02160 

SMi^m. Faui J.. Harford Junior Collie, Bel Air, Md. 21014 

Sdhairer, Carl Jr., York Collage of Prnnsylvania, York, Pa. 17405 

Sollimo, Vincenti Burlington County College, Pemberton, Nj. M68 

Steinj Herman, Bronx Community College, Bronx, Ny, 10468 

Viassis, C. Gm Keystone .fui\ior College, La Plume. Pa. 18440 

Williams, Thelma. New lork City Cdmmunity Cejlege, Brooklyn* Ny. 11201 

SEOIOM V CANADA 

Bal!, P,L., ilclkirk ColU-^g':, nr^jtiegar, British Columbia 

Dean, David, Mohawk C A Applieu Arts and Technolo^, Hamilton, Ontario 
DIemers, JanB, Camosun w ge. Victoria, British Columbia 
Lyons, James, John Ab^itt Coilegt , Ste.. Anne Da Bellevye, Quebec 
Man ton, Robert, Gm.d Fniuie Regional Collie, Gimnd Pralruf^ Alberta 
Pilon, Jean Guy, C.E.G.E.P^ de Jonqutere^ Jonyuiere, Queb^ 
Robert, John M., Collegt Ahantsie, Montretl. Qucbeu 

Rothenbury. Ray A*. Lambton College of Appli&i Aria and Teehnolo ^ R^i'nis. Ontario 
Watson, D,C., Algonquin Collega ©f Applied Arts and T^t!hno^ogy, C, ^J'ms-, Ontario 



91 



